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CHAPTER 1 
INTRODUCTION 
1.1 Description of Trigonella 
1.1.1 Origin 
Trigonella, commonly known as methi, is a well known economic herb 
belonging to family Fabaceae. It is represented by about 100 species (Willis, 
1966), which are mainly distributed in the Mediterranean region, Europe, Asia, 
South Africa and Australia. Eleven species occur in India. Trigonella foenum-
graecum (desi methi), is cultivated throughout India for culinary and medicinal 
purposes, and also for fodder. Several species, including T. foenum-graecum 
and T. caeruleum Ser. (sweet Trefoil) have also been introduced into America. 
1.1.2 Taxonomy, morphology and floral biology 
The plants are small, erect, self-pollinated, strongly aromatic, annual herb 
having racemose inflorescence and trifoliate leaves and produce small and 
yellowish brown seeds having somewhat bitter taste with peculiar odour and 
flavour. There are two types of methi: 
1. Ordinary methi or Desimethi {Trigonella foenum-graecum L. 2n=16). 
2. Scented methi or Kasuri methi or Marwari methi or champa methi 
{Trigonella corniculata L. 2n=16). 
The former consists of young plants of T foenum-graecum L. and latter 
consist of the plants of T. corniculata L. The two differ in their growth habits. 
The plants of Kasuri methi are initially slow growing while plants of Desi 
methi are fast growing. Kasuri methi remains more or less in a rosette condition 
during most of the vegetative period. Flowers in Kasuri methi are bright 
orange-yellow, bom in clusters, in close racemes. The leaves are pinnate and 
consist of 2-6 leaflets each up to 1.25-2.0 cm in length, obovate-cuneate. Pods 
in Kasuri methi are smaller sickle shaped about 1.2-2.0 cm long having 4-8 
seeds. It is a diffuse, sub-erect, strongly scented aimual herb about 30 cm or 
more in height. Desi methi is an aromatic, annual herb about 30-60 cm tall. The 
flowers in desi methi are white in colour. The leaves are piimate, 3-foliolate: 
leaflets are about 2.0-2.5 cm long, oblanceolate-oblong, obscurely dentate and 
the pods are straight about 6-7 cm long having 10-20 seeds. 
New types of both Desi methi and Kasuri methi have been released by 
I.A.R.I., New Delhi. Those of Desi methi are : 
1. Pusa Early Branching, which matures in 125 days. 
2. Pusa late type, E.G. 4911 which matures in 165 days. 
An improved type of Kasuri methi has been released under the name 
Kasuri selection. It gives six cuttings and an yield of 8,960 kg of methi per 
hectare. The Department of Agriculture, Maharashtra has also released two 
improved varieties of Desi Methi, viz. No. 47 and No. 14 which respectively 
yield 21 % and 18% more than the local type and are richer in vitamin C. 
1.1.3 Systematic position : Genus Trigonella has been classified under 
Bentham and Hooker's system of classification as follows: 
Kingdom - Plantae 
Division - Phanerogams 
Class - Dicotyledons 
Sub-class - Polypetalae 
Series - Calyciflorae 
Order - Resales 
Family - Leguminosae 
Sub-family - Papilionatae 
Genus - Trigonella 
Species - T. foenum-graecum and T. corniculata 
.1.4 Ecology 
In India, methi is raised as a cold season (Rabi) crop and is fairly 
tolerant to frost and very low temperature. It is best suited to tracts of moderate 
or low rainfall. The crop is sown in all types of soils, especially on loamy soil 
(Duke, 1981). The best time for sowing is late October when daily average 
temperature ranges from 17.10°C - 21.72° (Pratima Singh, 1996). It is grown as 
a cover crop and also in rotation with maize, cotton and sugarcane. 
1.1.5 History and traditional uses 
The name of the genus, Trigonella, is derived from the old Greek name, 
denoting 'three*angled', form of its corolla. 
It is an important, multipurpose (vegetable, condiment, manure and 
medicinal) cash crop of short duration (Fazli and Hardman, 1963; Rathee et al., 
1980). In U.S.A., seeds are used in the preparation of chutneys and in various 
spice blends. Young leaves of plants are used as vegetable before pod 
formation while the entire shoot portion is used as green fodder. 
The seeds are aromatic, carminative and toxic. They are used externally 
in poultices for oils, abscesses and ulcers and internally as emollient for 
inflammation of the-^  intestinal tract. The scented seeds contain about 45-60% 
carbohydrates, 20-30% protein rich in lysine and tryptophan; 5-10% fixed oils 
(lipids); moisture 13.7%; glycosides yielding steroidal sapogenins (yamogenin, 
egogenin, neotegogenin); other constituents include mucilage, bitter fixed oil, 
choline, trigonelline, saponins, alkaloids, vitamins A, Bl, C and nicotinic acid. 
Saponins although poisonous and quite bitter and can be found in many 
common foods such as some beans. The ground seeds are also used to give a 
maple flavoring to confectionery and nearly all cattle like the flavor of 
fenugreek in their forage. 
As a medicinal plant, fenugreek is much used in herbal medicine, 
especially in North Afiica, Middle East and India (Fazli and Hardman, 1963; 
Rathee et al., 1980 and Som & Maity, 1993). Recent research has shown that 
the seeds can inhibit the'liver-cancer, lower the level of blood cholesterol and 
also have an antidiabetic effect. The seeds yield a strong mucilage and are 
therefore, usefiil in the treatment of inflammation and ulcers of the stomach 
and intestines. It is also used in the treatment of late onset diabetes, poor 
digestion (Raghuram et al, 1994). One of its constituent alkaloids called 
'trigonelline', has shown potential for use in cancer therapy. They are also used 
in veterinary medicines, and form a constituent of 'condition powders' for 
catties, horses and sheep. 
The plant is also a soil renovator and is used as a green manure in 
U.S.A. and U.S.S.R. The plants show symbiotic relationship with certain soil 
bacteria i.e. Rhizobium leguminosarum, these bacteria form nodules on the 
roots and fix atmospheric nitrogen. Some of this nitrogen is utilized by the 
growing plant but some can also be used by other plants growing nearby 
(Huxley, 1992). 
1.2 Mutation and its types 
"Mutation is the sudden, heritable change in the genetic material of an 
organism". Mutation is necessary to provide the genetic variability required for 
the evolutionary adaptation of species to environmental changes, most 
mutations are deleterious. Without mutations all genes would exist in only one 
form. Alleles would not exist and organisms would not be able to evolve and 
adopt to environmental changes. 
Mutation is generally accepted by the scientific community as the 
mechanism upon which natural selection acts, providing the advantageous new 
trait that survive and multiply in offspring or disadvantageous traits that die out 
with weaker organisms. Mutation can be classified as follows: 
1. Spontaneous mutations 
2. Induced mutations 
1. Spontaneous mutations 
These mutations appear naturally in the population due to mistake 
during DNA replication or due to the presence of various physical and 
chemical mutagenic agents like agricultural chemicals, industrial wastes etc. in 
the atmosphere. 
2. Induced mutations 
The mutations can be induced artificially by using different physical and 
chemical mutagenic agents like gamma rays, EMS, DBS, MMS and sodium 
azide etc. Induced mutations play an important role in plant improvement and 
the rate of spontaneous mutations is low than induced mutation, generally 1 in 
10 lacs. 
The utilization of induced mutations for crop improvement is known as 
mutation breeding. Mutation breeding is expected to continue making 
significant contribution to plant breeding. In nature, mutation, whether 
chromosomal or genie constitute one of the primary source of variation on 
which the natural selection operates. 
The frequency of induced mutations almost doubles those occurring 
naturally and they have been looked upon as a powerful tool for the 
development of new cultivars. The rate of induced mutation in developing new 
and better cultivars has now been well recognized by mutation breeding. 
Techniques are often viewed as only one of the available mean to create genetic 
variability both for selection and recombination breeding. A number of useful 
varieties, food.crops.and.ornamentals have been developed by making use of 
mutations. The other use of induced mutations which have a great relevance in 
modem plant breeding are incorporation of one or two desirable attributes in 
otherwise well adapted varieties, upgrading of protein and getting transgressive 
variants coupled with conventional breeding methods (Swaminathan, 1972). 
In biology, a mutagen (latin, literally origin of change) is a physical or 
chemical agent that changes the genetic information (useful DNA) of an 
organism and thus increases..the frequency of mutations above the natural 
background level...Discovery of chemical mutagens during the forties opened 
new vistas of understanding the nature of the mutation process. Now there are 
hundreds of synthetic chemicals which have been used extensively and found 
to be highly mutagenic in various organisms. 
Different chemicals can induce different kinds of mutations in the 
genome of a plant. These chemicals react with the bases of the DNA and cause 
chromosome breaks and/or point mutations and have been divided into 
different groups due to their structure and mode of action. The most used 
chemical mutagens are the alkylating agents. 
Alkylating agents are by far the most extensive and important group of 
mutagenic chemicals for induction of mutation in cultivated plants. These 
compounds have one or more reactive alkyl groups which can be transferred to 
other molecules at positions where the electron density is sufficiently high. All 
these substances react with DNA by alkylating the phosphate group as well as 
purine and.pyrimidine bases. The most preferred alkylating agents are ethyl 
methane sulphonate (EMS), methyl methane sulphonate (MMS), base 
analogues and sodium azide etc. Alkylating agents such as sulphur and nitrogen 
mustards resemble radiation in their effects and probably generate mutations by 
causing breaks in the polynucleotide strands. Another effect of alkylating 
agents is depurination which causes a gap in one of the nucleic acid strands and 
as a result of deletion or a random incorporation of either one of the four bases 
can occur during replication. 
1.3 Mutagenesi&-asia<means in the crop improvement 
Mutagenesis, a key area of genetical research occupies prime position in 
biological researches from viruses to the plants, animals and humans in every 
country not only because of the understanding of the mechanism of mutation 
and the factors (internal or external) which have helped to elucidate the basic 
aspects of life phenomenon but also because it has profitably been utilized in 
raising a large number of economically superior and desirable genotypes of 
crop plants. 
Chemical and physical mutagenesis cause different mutation spectra. 
The discovery of mutagenic role of ionizing radiations (Muller, 1927) and 
chemicals (Auerbach and Robson, 1942) initiated a flurry of activities in the 
field of mutagenesis. Physical mutagenesis often causes structural changes in 
chromosomes and chromosome breaks are often found randomly in the 
genome. Chemical mutagenesis might also cause sterility in treated plants. 
Chemical mutagenesis has both advantages and disadvantages compared to 
physical mutgenesis and transposon/T-DNA insertions. Chemical mutagenesis 
often causes point mutations which probably do not lead to a null-mutation but 
rather an altered expression or activity of the gene product and therefore, also a 
viable but mutated plant. Although the chemical mutagenesis has been used for 
more than fifty years with only minor modification, it is still an important 
method for creation.of mutations. In combination with modem molecular 
biological techniques, chemical mutagenesis may serve as a valuable tool in 
physiological, morphological and genetical studies. 
The application of mutagenesis in agriculture for improving the crop 
plants presented a new departure, from the conventional breeding methods. 
Mutation breeding helps in inducing greater magnitude of variability in various 
plant traits in.a.comparatively shorter time only through a carefiil screening and 
selection programme. Mutation breeding has become increasingly popular in 
recent times as an effective tool.for crop.improvement (Acharya et aL, 2007) 
and an efficient means of supplementing existing germplasm for cultivar 
improvement in breeding programme (Dubinin, 1961). The magnitude of 
genetic variability induced by physical and/or chemical mutagens could be 
exploited for obtaining the desirable lines. The induction of mutation has been 
accepted as a usefiil tool in the plant breeding programme. The success in plant 
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improvement programmes, however, depends basically on controlling and 
directing the induced mutation process for the production of desired mutations. 
Mahna et al. (1994) reported an increase in the level of steroidal sapogenin 
(diosgenin) in Trigonella corniculata L. following chemical mutagenesis using 
dimethyl and diethyl sulphonate. 
One of the chief advantages of mutation breeding is its ability to 
improve a single feature in a variety without significantly altering the otherwise 
desirable make up of agronomic characters. Another advantage of mutation 
breeding is the creation of genetic variability which enhances the scope for 
selection. The applied aspects > of. mutagenesis are being tackled on a much 
larger scale nowadays in the crop improvement progranmie. 
Table A. Mutagensused and traitimproved in mutant cultivars released 
in India. 
Mutgen No. of 
mutants 
Main attribute Number of 
occurrence 
Gamma rays 169 High yield 86 
X-rays 26 Early maturity 65 
Neutrons 07 Disease resistance 57 
Ethyl methane 
sulphonate 
15 Quality character 39 
Dimethyl sulphate 
(DMS) 
04 Grain quality 67 
Ethylene imine (EI) 02 Abiotic stress 
resistance 
65 
Sodium azide (NaNa) 02 Improved plant type 181 
Other mutagens 29 Others 9 
Cross breeding 47 - -
Natural mutants 12 - -
Source : Current science, vol. 89, July 2005 
1.4 Objectives 
The conventional approaches of plant breeding have exploited the 
available genetic variability in Trigonella or methi. As a result of the use of 
these conventional approaches for the longer period, there has been significant 
decline in genetic variability which has led to a narrow genetic base of this 
crop. Mutagens have remarkable possibilities of improving plants with regard 
to their qualitative and quantitative characters. In the present studies, an 
attempt has been made to explore the possibilities of inducing alterations in the 
genotype to enhance the variability and screen the plants in Mi generation 
showing cytomorphological variations. 
The main objectives of the present studies were : 
1. To study the effect of different mutagenic treatments in various 
biological parameters in Mi generation. 
2. To investigate into the meiotic behaviour of chromosomes after 
treatment with chemical mutagens. 
3. To study the effect of chemical mutagens on the induction of variability 
in quantitative characters in Mi generation. 
4. To compare the sensitivity of two species of methi viz. Desi methi 
{Trigonella foenum-graecum L.) and Kasuri methi {Trigonella 
corniculata L.) to the different mutagenic treatments. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 Materials 
2.1.1 Species used 
In the present investigation the certified, healthy and dry seeds of the 
following two species of Trigonella were used. 
(i) Trigonella foenum-graecum L. (Desi methi, 2n=16) 
(ii) Trigonella corniculata L.-(kasuri-methi, 2n=16) 
Both these species are well adapted to the agro-climatic conditions of 
Uttar Pradesh in general and Aligarh in particular. 
2.1.2 Mutagens used 
The following two chemical mutgens were used in the present 
investigation. 
1. Methyl methane sulphonate (MMS) - C2H6O3S 
2. Sodium azide (SA) - NaNa 
The dose of each mutagen used in the present study is given in the table. 
Mutagens Formula Treatment Duration 
MMS C2H6O3S 
0.01% 
8hrs 
0.02% 
0.03% 
0.04% 
0.05% 
SA NaNs 
0.01% 
8hrs 
0.02% 
0.03% 
0.04% 
0.05% 
2.1.2.1 Methyl methane sulphonate (MMS) 
Among the numerous radiomimetic chemicals now known the alkylating 
agents have been found to be the most potent in a wide assay of organisms. 
Within the alkylating groups, MMS has been found to be a very effective 
chemical mutagen like any other alkylating agent. MMS react with DNA by 
alkylating the phosphate group as well as purine and pyrimidine bases and 
create a gap in the DNA molecule causing mutation. It is a colourless liquid 
with a molecular weight of 110.13. 
2.1.2.2 Sodium azide (SA) 
Sodium azide mutagenicity in higher plants was discovered by Spence 
(1965) who used this chemical as respiratory inhibitor in barley. Later, sodium 
azide was found to be a very effective mutagen under certain treatment 
conditions (Klienhofs et al, 1974) and it was possible to obtain high mutation 
frequency mostly gene mutations with negligible frequency of chromosome 
aberrations. It is also known to cause somatic mosaicism in Glycine max (Vig, 
1973) and induces mutations in Pisum (Sander and Muhlbaver, 1977). Sodiimi 
azide as such doesn't possess radiomimetic activity but has shown synergistic 
effect with radiations, methyl nitroso urea (MNU), ethyl methane sulphonate 
(EMS) and propane sulphonate (PS) resulting in an increased chromosomal 
aberration frequency (Sideris etal, 1969). 
2.2 Methods 
2.2.1 Preparation of mutagenic solution 
The stock solution of 1% methyl methane sulphonate and sodium azide 
were prepared separately by adding 1 ml each to 99 ml of phosphate buffers 
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having pH 7 and pH 3 respectively. The required concentrations of mutagens 
were prepared from the stock solutions using the following formula. 
S,V, = S2V2 
Where, Si = Strength of the stock solution 
V] = Volume ofthe stock solution 
S2 = Strength ofthe desired solution 
V2 = Volume ofthe desired solution 
The specificity of action of chemical mutagen depends upon the particular 
conditions of treatment, the more important of which are temperature and 
hydrogen ion concentration. 
2.2.2 Presoaking of seeds 
The seeds were presoaked in distilled water for 12 hours at room 
temperature (25±1°C). After the presoaking period is over the seeds were kept 
on blotting paper so as to remove small droplets of water adhering to the seed 
surface. 
2.2.3 Mutagenic treatment of seeds 
The presoaked seeds of the two species were treated with different 
concentrations of the two mutagens (MMS and SA) for 8 hours. One set of 
seeds in each species was kept untreated to act as control for comparison. 
During chemical mutagenic treatments, intermittent shaking was given 
throughout the treatment period to facilitate sufficient aeration. For uniform 
absorption, large quantities of mutagenic solution, approximately three times 
the volume of seeds (Konzak et al, 1965) were used. The treated seeds were 
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thoroughly washed in running tap water for 1 hour to remove the residual effect 
of the mutagen sticking to the seed coat before they were sown in pots. 
2.2.4 Sample size 
In each species a set of 50 seeds were used for each dose/treatment 
including the control. Each set of 50 seeds were sown in the pot for 
morphological and cytological studies. 
2.3 Parameters studied 
A detailed study of the effect of different mutagenic treatments in the two 
species was undertaken using the following parameters 
2.3.1 Seeds germination 
Seed germination was recorded daily right from the emergence of first 
shoot in each treatment as well as control in the pots. After the seed 
germination had stopped the total number of germinated seeds was counted and 
finally the percentage of seed germination and percentage of inhibition were 
calculated by using the formula. 
Number of seeds germinated 
Germination (%) = x 100 
Number of seeds sown 
Control - Treated 
Inhibition (%) = x 100 
Control 
2.3.2 Plant survival 
The surviving plants in different treatments were counted at the time of 
maturity and the survival percentage and percent lethality were calculated by 
the following formula. 
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Number of plant at maturity 
Survival (%)= x 100 
Number of seeds germinated 
Control - Treated 
Lethality (%)= x 100 
Control 
2.3.3 Pollen fertility 
Fresh and young flowers from 25-30 randomly selected plants were taken 
from each treated as well as control plants. Pollen fertility was determined by 
staining the pollen grains with 2% acetocarmine solution. Pollen grains which 
took the stain and had a regular outline were considered as fertile, while the 
shrunken, empty and unstained ones as sterile. The following formulae were 
used to calculate pollen fertility (%) and percent reduction (sterility) 
Number of fertile pollen 
Pollen fertility (%) = x 100 
Total number of pollen 
Control - Treated 
Percent reduction (sterility) = x 100 
Control 
2.4 Sensitivity studies on economic traits 
Observations were recorded on 10-15 normal looking plants of each 
progeny from treated as well.as control .populations. The following quantitative 
characters were thoroughly studied in Mj generation. 
1. Days to flowering : Days to flowering were noted from the date of 
sowing till first flowering appeared in treated as well as control plant. 
2. Days to maturity : DaysUo maturity was recorded as the number of days 
taken from the date of sowing to the date of harvesting of plants. 
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3. Plant height (cm) : Plant height was measured at maturity in centimeters 
from the base up to the apex of plant. 
4. Number of branches per plant : Branches were counted at maturity as 
the total number of branches as a plant. 
5. Number of pods per plant: Number of productive pods were counted at 
maturity and noted as the number of pods bom on the whole plant. 
6. Number of seeds per pod: The number of seeds per pod was recorded 
from each individual plant and then the pooled mean was calculated from 
different mean values. 
7. Number of Clusters per plant: Number of clusters were counted at 
maturity only in case of Trigonella corniculata L. 
8. Number of pods per cluster: Number of pods per cluster were counted at 
maturity only in case of Trigonella corniculata L. 
9. Pod length : The pods were measured in centimeters and the mean for 
pod length from each selected plant was calculated. 
10. 1000-seed weight (g): It was the weight of 500-seeds from each plant. 
11. Total seed yield per plant: Seed yield per plant was the weight of total 
number of seeds harvested per plant and the yield of each plant was 
recorded in grams. 
2.5 Cytological studies 
Cytological studies were carried out on pollen mother cells by fixing 
younger flower buds from each tteatment as well as control. The purpose of 
fixation is to kill the tissue without causing any distortion of the components to 
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be studied. It should not only increase visibility of the chromosome structure 
but should also clarify the details of chromosome morphology and the primary 
and secondary constriction. 
2.5.1 Fixation of flower buds 
For meiotic studies, young flowers buds from 40-50 randomly selected 
plants were fixed in freshly prepared Camoy's fluid (alcohol: chloroform: 
acetic acid in a 6:3:1 ratio), supplemented with crystals of ferric chloride for 24 
hours. The material was then washed and preserved in 70% alcohol at 4°C, then 
the anthers were squashed in 1% propinocarmine dehydrated in NBA series 
(50% acetic acid + 50% normal butyl alcohol and normal butyl alcohol), 
mounted in Canada balsam and dried at 45*'C (Bhaduri and Ghosh, 1954). More 
than 500 dividing PMCs from each treatment, as well as control populations 
were studied and analysed at metaphase I/II, anaphase I/II and telophase I/II 
stages. The photomicrographs were taken from temporary as well as permanent 
slides under the aid of "Nicon" photomicrographic unit using lOX eye piece x 
lOOX objective lens. 
2.6 Statistical studies 
The data of each quantitative trait were subjected to statistical studies to 
assess the extent of induced variation in different generation. Mean, standard 
error, standard deviation and coefficient of variation were calculated as per the 
standard statistical procedure. 
2.6.1 Mean (X): The mean was computed by taking the sum of a number of 
observations and dividing it by total number of observations recorded, thus 
X = X^+X2+ + X„ 
N 
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n 
X='=' 
N 
where, Xi, X2, .... Xn = observations 
N = Total number of observations involved 
2.6.2 Standard deviation (S.D.): Standard deviation is the positive square root 
of the average of sum of squares of deviation of all observations from their 
means. It was computed on the basis of following formula. 
S j^ ^ J(Xi-Xf+(X2-Xf+(Xs-Xf+ + (X„-Xf 
n 
orS.D.= IS<^-^>' 
n 
for small population 
S.D.= J2(^-^'^ 
«- l 
Where, S.D. = Standard deviation 
YJX = Sum of all individual observations 
i.e.X,+X2 + X3 + ....Xn 
X= Mean of all observations 
n = Number of observations 
2.6.3 Standard error (S.E.) 
S.D. of sample 
S.E. = 
V(A^-i) 
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where, S.D. = Standard deviation 
N = Number of observations 
2.6.4 Coefficient of variation (C.V.) 
It measures the relative magnitude of variation present in the 
observations relative to their magnitude of arithmetic mean. It is defined as the 
ratio of standard deviation to arithmetic mean expressed as percentage and is a 
unitless number. The following formula was applied to compute ccefificient of 
variability (C.V.) 
Standard deviation 
C.V.= xlOO 
Arithmetic mean 
Or S.D. 
C.V.= xlOO 
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)f oLiterati eview of oC vi r ivire 
CHAPTER-3 
REVIEW OF LITERATURE 
This chapter deals with earlier investigations on genus Trigonella and 
other related crops with respect to cytology, genetics and mutation breeding. A 
survey of literature indicates that in spite of great medicinal and economic 
importance of Trigonella foenum-graecum L. and Trigonella corniculata L. 
comparatively little attention has been paid to genus Trigonella than the other 
crops. A review of literature on various Trigonella and other crops pertaining 
to the programme of research work is given below. 
3.1 Some concepts in induced mutagenesis : 
Mutagens have remarkable potential of improving plants with regard to 
their qualitative and quantitative characters and where appropriate selection has 
been applied, improvement in yield (Gregory, 1968), maturity time (Brock, 
1970) have been reported. 
Mutagens affect the metabolism of individuals and influence the activity 
or synthesis of enzymes and growth regulators (Jain and Khaima, 1987). Such 
harmful effects of mutagens lead to various forms of physiological expression 
of damage such as, retarded plant growth, induction of mutations, sterility and 
death. Mutagen induced biochemical and physiological changes during seed 
germination have been reported in cow pea (Khanna, 1988, 1991). 
Our knowledge on the fundamental aspects of the mutational processes 
and the mechanism of action of various physical and chemical mutagens and 
their combinations has been fairly widened (Gottschalk and Wolf, 1983, 
Sharma, 1985 and Khan, 1986). Though there are several unanswered 
questions regarding the classification and mechanism of actions of mutagens, 
yet a more comprehensive account of them was given by Sharma (1985). 
3.2 LD-50/Dose Effect: 
The dose required for high mutation efficiency of a physical or chemical 
mutagen depends on the properties of the mutagenic agents and of the 
biological system in question. In general, the dose effect of a physical or 
chemical mutagenic treatment comprises several parameters, of which, the 
most important are dose rate, concentration, duration of treatments, temperature 
and pH treatments. 
Lethal dose (LD-50) gives an idea about the appropriate dose of 
mutagen in an experiment on induced mutagenesis. In chickpea, Smgh (1988a) 
reported LD-50 values for gamma rays at 460 GY (var. G130) and 483 GY 
(var. H208) and for EMS at 0.25% (var. G130) and 0.2% (var. H208). In both 
the varieties 0.4% EMS treatment was dose lethal. Kherkwal (1981a) reported 
higher lethality in 0.2% EMS in comparison to 400 GY and 500 GY gamma 
rays. Higher LD-50 values for gamma rays in chick pea in comparison to other 
pulse crops such as 300 GY in black gram (Khan, 1988a), 200 GY in lentil 
(Singh, 1983) and 100 GY in pea (Singh, 1988b) indicate its greater resistance 
to the mutagen. Further, differences. have been observed LD-50 values in 
different chickpea varieties which is attributed to their differential 
radiochemosensitivity. A decline in the survival of a mutated population has 
been associated with an increase in the dose of mutagen (Singh, 1988a), which 
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may have resulted from cytogenetic damage and/or physiological disturbances 
as also reported earlier by Sato and Goul (1967). 
Both gamma rays and EMS have been shown to have a dose related 
reduction in seed germination and pollen fertility (Rao and Laxmi, 1980; 
Gautam et al., 1992). Dose linked effectiveness of EMS and gamma rays was 
noted in chickpea in terms of germination, reduction in pollen fertility, 
chlorophyll mutations and seedling height (Gumber et al., 1995). Similar 
effects were also reported in Vigna radiata (Singh and Chaturvedi, 1980), 
Arachis hypogaea (Venkatachalam and Jayabalan, 1995) and Trigonella 
foenum-graecum L (Koli and Rimkrishna, 2002). 
3.3 Mutations Affecting Plant Morphology 
The availability of sufficient genetic variability is prerequisite for 
attempting selection in plant breeding to develop desired plant types in any 
crop. Several induced morphological mutations have been reported in literature 
showing alterations in the morphology of various plant parts. 
Vandana and Dubey (1988) treated the seeds of Vicia faba L. with 
different concentrations of EMS and DES and foimd that germination, seedling 
growth, pollen fertility, time to maturity and survival were adversely affected 
by both the mutagens. Plant height, branching, number of leaves, pods and 
seeds as well as yield per plant showed varying response to different 
concentrations of mutagen. However, DES at all doses and EMS only at the 
highest doses adversely affected these traits, whereas, the lower dose of EMS 
had either no effect or a slight enhancing effect. 
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Laxmi et al. (1983) isolated a green seed coat colour mutant in 
Trigonella foenum-graecum L. following treatment with 0.60% MMS. The 
mutant differed from control in seed coat colour and in some 
cytomorphological, palynological and biochemical characters and was found to 
be superior over control in herbage, seed and crude oil yield. 
Wani and Anis (2008) isolated three bold seeded high-yielding mutants 
from the M2 progeny of chickpea var. Pusa-212, viz. Pusa-212A (200 Gy), 
Pusa- 212c (400 Gy), and Pusa-212F (300 Gy + 0.2% EMS). The mutants 
were morphological quite distinct from each other as well as from control 
plants. The most notable change was in seed size and shape of these mutants, 
giving them bold characteristics as compared to small seeds in the control. 
Mean performance of different ;quantitative fraits was significantly better 
among the mutants as compared to the control, with a few exception. Seed 
protein content did not show any significant positive correlation with seed size 
and test weight. Heritability estimates were quite high for almost all polygenic 
traits among the mutants, in comparison to the confrol. Cytological analysis of 
the mutants was almost normal, except for a few chromosomal aberrations. 
Datta and Laxmi (1992) analysed five EMS induced mutants of 
fenugreek. The mutants were different from the parental strain in their leaf 
characters, stature, flowering behaviour, pollen characters, yield and seed coat 
colour. Mutant 1 and 2 arose after 0.3% EMS treatment and showed 
modification in. leaf characters, mutant 3 was characterized by its dwarfiiess 
and early flowering behaviour, mutant 4 showed reduced plant height, 
increased branching and late flowering and mutant 5 by its smaller chocolate 
coloured seeds. The mutants were, of phylogenetic and economic importance. 
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Mehra and Mahna (1996) treated the seeds of Trigonella foenum-
graecum L. with two base analogues (Hypoxanthine and 6-mercapto purine) 
and found that root (branched, stunted), shoot (unequal and rolled cotyledonary 
leaves) and chlorophyll variants have been screened from the base analogues 
treated seedlings. Apart from morphological variations base analogues also 
induced quantitative variations in the activities of peroxidase amylase and 
nitrate reductase enzymes. 
Solanki (2005) isolated twelve kinds of morphological mutations 
included changes for growth habit (compact, bushy, prostrate) foliage (narrow, 
broad, rogue, tendrillar) plant height (tall, dwarf) maturity and flowering 
behaviour (early, late, sterile) in lentil by EMS and SA treatments. The 
mutations for growth habit and foliage were induced with higher frequency by 
EMS, whereas, those for plant height and maturity and flowering behaviour 
were induced with higher frequency by SA on the basis of sterility, SA was 
found more effective and efficient than EMS. 
P.R. Tah (2008) analysed gamma rays induced leaflet mutants in 
Mungbean. Two multiple leaflet mutants were obtained from y-irradiation and 
used to study correlation with the agronomic features. The higher doses of 
gamma ray irradiation in mungbean will provide enough scope to develop a 
wide range of variation in many desirable characteristics like increase in 
leaflets/leaf and variation in shape and size of leaf lamina increase in 
multifoliation and increase the biomass production, which could make a 
positive impact on seed yield by increasing the transfer of assimilate from 
source to sink. Most of the variation in the lamina shape was observed in the 
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trifoliate leaves of higher doses of gamma ray irradiation, which turned into 
tetrafoiiate or pentafoliate with much variation in shape and size and lamina 
like crumpled, lanceolate, ovate, lobed were observed. 
Bhat et al. (2006) obtained pod and seed mutants after treatment with 10 
kR of gamma rays and also induced a closed flower mutant after treating the 
seeds of Viciafaba L. variety minor with 0.04% MMS. The induced pod and 
seed mutants were isolated in Mi generation and its breeding behaviour was 
studied by raising M2 and M3 generations. The closed flower mutant isolated in 
M2 generation showed premature fall of flowers and leaves and was completely 
sterile and did not set the pods. The floral parts did not show the normal 
development. The detailed c3^ological investigation of these mutants showed 
various chromosomal aberrations such as multivalents, stickiness, precocious 
separation, fragments, Jaggards, Bridges, non-synchronisation, non-disjunction, 
disturbed polarity and micronuclei. It was suggested that floral deformities 
might be due to chromosomal and .genie changes. 
Laxmi and Gupta (1983) studied the response of different concentrations 
of EMS on various decrease in plant height, number of branches/plant, number 
of pods/plant, number of grain/pod, pod length and grain yield/plant was noted 
with an increase in EMS concentrations. They isolated various mutants such as 
abnormal leaf type, changed seed coat colour type, dwarf type and early 
flowering type in M3 generation. 
Mahna et al (1994) studied the effect of alkylating agents and gamma 
rays on the diosgenin production in induced mutants of Trigonella corniculata. 
Significant increase in diosgenin was observed in tall heterophyllous leaves and 
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irregular mutants while significant decrease in its level was recorded in Virina 
xanthescens mutants. Little variation in diosgenin content was recorded in 
dwarf excessively branched, unifoliate, high nodulating mutants. There is a 
possibility to increase diosgenine level in Trigonella plants through induced 
mutagenesis. 
3.4 Induced Variability for Quantitative traits 
The inheritance of quantitative characters is controlled by the interaction 
of many genes or polygenes, out of which each single gene contributes little to 
the total phenotypic variability. In crop improvement programme, it is the 
quantitative variation for yield and its component traits that is important to a 
plant breeder. In recent years, the role of mutation breeding in increasing the 
genetic variability for polygenic characters in a number of crops have been 
proved beyond doubt (Solanki and Sharma, 1999; Waghmore and Mehra, 
2000). 
Jabee et al. (20007) treated the seeds of Trigonella foenum-graecum L. 
with different concentrations of maleic hydrazide (MH) and foimd that maleic 
hydrazide induced variability in seven economic traits viz. plant height, number 
of nodes/plant, intemodal length/plant, number of branches/plant, number of 
pods/plant, number of seeds/plant and average pods length. Coefficient of 
variation indicated that linear relationship was not found with the doses of 
mutagen. 
Jain and Madhu Aganval (1993) treated the presoaked seeds of 
Trigonella foenum-graecum L. with different concentration of EMS and MMS 
and reported gradual decrease in percent germination, seedling height, 
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intemodal length, number of nodes, flowers and pods/plant, number of 
seeds/pod and 100-seed weight in M2 generations. A number of morphological 
variants such as 'abnormal leaf type', 'dwarf type', 'early flowering', 'double 
flowers' and 'double pods' were isolated. 
Kumar et a\. (1993) treated the seeds of Vicia faba L. with single and 
combined application of 0.7% DES and 10 kR y-rays. They recorded reduction 
in germination percentage, seedling growth, plant height, number of branches 
per plant, number of pods per plant, number of seeds per pod, survival 
percentage and seed yield in the mutagenic treatments in addition to increased 
pollen sterility and delay in days to maturity. Application of y-rays both singly 
and in combination with DES induced more severe effects than application of 
DES alone. 
Raje et al. (2001) studied the inheritance of growth habit and 
multipodded condition in fenugreek {Trigonella foenum-graecum L.) and found 
that in fenugreek indeterminate growth habit is controlled by single dominant 
gene over determinate growth habit. The trait 1-2 pods/cluster is governed by a 
single dominant gene over multipodded condition. The inheritance pattern of 
growth habit and number of pods/cluster rules out the role of cytoplasmic 
factors in the inheritance of these two characters. The simple inheritance 
pattern of these two characters indicated that these characters may easily be 
incorporated into a desirable genotype and can also be used as markers in a 
breeding programme. 
Afaq et al. (2005) exposed Vicia faba L. var. major to 8-Hydroxy 
Ouinoline (8-HQ) at different doses and reported variability in seven 
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quantitative traits viz., plant height, days to flowering, days to maturity, 
number of pods/plant, number of seeds/pod, and 100-seed weight. The 
direction of shift in mean values for plant height, days to flowering and days to 
maturity indicated that negative micromutation out-weighed the positive ones 
while the reverse was true for number of pods/plant, number of seeds/pod, 100-
seed weight in lower concentrations of the mutagen while the negative trend 
was observed at the higher concentration, coefficient of variation was recorded 
to be higher in mutagen treated populations. 
Rathod et al. (2004) treated the seeds of two varieties of soyabean 
{Glycine max. Merrill) viz., Monetta and MACS-13 with ethyl methane 
sulphonate (0,3 and 0.6%) and gamma rays (20 and 25 kR) with the aim to 
induce mutation. Mutation frequency increased with increase in doses of EMS 
and gamma rays. The frequency of induced mutation was greater in Monetta 
than MACS-13. The economical mutants showing characters of early maturity, 
high oil content and high yield were isolated fi-om Monetta and MACS-13 
treated with 0.6% ethyl methane sulphonate. In general gamma rays showed 
higher mutagenic. effectiveness than ethyl methane sulphonate in both the 
varieties. 
Girhe and Choudhary (2002) treated the seeds of variety pusa-24 of the 
pulse, Lathyrns sativus L. with various doses/concentrations of physical 
(gamma rays) and chemical (SA and EMS) mutagens. Various morphological 
mutations were recorded in the M2 and M3 generations. These morphological 
mutations were characterized on the basis of the part of the plant body affected 
and based on this, 21 different morphological mutants were isolated. Among 
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them, the important mutants from the breeding point of view were high 
yielding and early flowering; whereas the pink, peach and white flower colour 
mutants were important from the ornamental point of view. 
Saikat et al. (2008) treated the seeds of fenugreek with various 
concentrations of EMS. The objective of this study was to develop early 
maturing fenugreek mutants with a determinate growth habit to ensure uniform 
maturity within the 100 frost free days available on the Canadian prairies. This 
mutation breeding approach has detected new breeding material exhibiting 
early seed maturity coupled with high seed yield, seed quality and determinate 
growth habit. Successful development of useful mutants in fenugreek was 
reported before, but this is the first report on successful use of mutation 
breeding for improvement in quantitative traits in this crop. 
Several workers have so far reported encouraging results about the 
induction of useful quantitative variability in different crop plants viz. Mehetre 
et al. (1990), Tickoo and Chandra (1999) in mungbean and Singh et al. (2000b) 
in urdbean etc. In chickpea, different workers have reported increased 
variability for different agronomic characters in mutagen treated populations as 
observed by significant changes in the mean and coefficient of variability in 
comparison to control. Majority of the results suggest a negative shift (Singh, 
1988a) although in some cases positive shift was also observed (Kumar et al, 
1981). 
3.5 Cytological studies: 
Katyayani et al. (1980) reported the mutagenic effects of maleic 
hydrazide (MH) and ethyl methane sulphonate (EMS) on germinating seeds of 
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Trigonella foenum-graecum L. and observed promotion in seedling growth at 
lower concentrations of both chemicals. Meiotic analysis revealed cytological 
abnormalities such as formation of bridges, fragments and binucleate to tetra-
nucleate cells. 
Laxmi and Gupta (1982) analysed induced chromosomal aberrations in 
fenugreek and treated the seeds with different doses of y-rays, EMS and MMS. 
Both physical and chemical mutagens induced the mitotic activity and induced 
chromosomal anomalies such as micronuclei, stickiness or clumping of 
chromosomes, precocious movement, fragments, bridges, delayed separation 
and laggards. Frequency of cells showing chromosomal anomalies was 
minimum at the lowest dose and maximum at the highest dose in the three 
mutagenic treatments. Gamma rays induced relatively higher frequency of 
chromosomal aberrations followed by EMS and MMS respectively. 
Mishra and Raghuvanshi (1989) studied the cryptogenic effect of y-rays 
on seeds of Trigonella foenum-graecum. This treatment accelerated the mitosis 
and chromosomal aberrations in both 2n and 4n plants. Chromosomal changes 
in the form of fragments, strays, laggards and bridges were observed. 
Anis and Wani (1997) studied the morphological and cytological effect 
of caffeine in Mi generation of Trigonella foenum-graecum. The treated 
populations showed meiotic abnormalities such as univalents, laggards, 
bridges, non-disjunction, stickiness, cytomixis and precocious movement of 
chromosomes. These anomalies were increased with increasing concentrations 
of caffeine. 
30 
Abbasi and Anis (2002) studied the clastogenic effect of sodium azide 
(SA), maleic hydrazide (MH) and Dimethyl suIphate(DMS) on meiosis and 
pollen sterility of Trigonella foenum-graecum L. in Mi generation. They found 
various meiotic aberrations like stickiness, laggards, univalents and 
multivalents, Bridges, precocious separation, micronuclei, disturbed polarity 
and cytomixis. Among the different stages of meiosis, the frequency of 
chromosomal aberrations was maximum at metaphase stage and showed a 
linear increase with dose/concentrations of all 3 mutagens. However, DMS 
induced, maximum/frequency of aberrations followed by MH and SA. Pollen 
sterility seems to be the cumulative result of various meiotic abnormalities. 
Srivastava and Kapoor (2008) studied the effect of sodium azide on 
various cytological parameters in Trigonella foenum-graecum L. and observed 
that partial or complete stickiness of chromosomes and disorientation of 
spindle were the major anomalies in meiocytes of Trigonella plants. Other 
aberrations like unequal separation, non synchronous division, bridges, 
laggards, stray chromosomes were reported etc. The pollen fertility and yield 
showed an increase over control despite the high frequency of stickiness and 
spindle disorientation. 
Kumar and Srivastava (2001) studied the effect of sodium azide on 
various cytological parameters in Plantago ovata Forsk. A considerable 
reduction in chiasma frequency with the increase in mutagenic concentration 
was noticed. A large number of interesting karyological and cytoplasmic 
irregularities viz., clumping, linking of bivalents, precocious separation were 
observed. 
31 
Anis and Sharma (1997) studied the chiasma frequency per pollen 
mother cell and per bivalent in Mi plants raised from the seeds of Capsicum 
annum treated with EMS, MMS and SA. Reduction in chiasma frequency was 
noticed in all the mutagenic treated populations as compared to their respective 
controls. EMS caused a greater in Chiasma frequency was more in EMS treated 
populations than MMS and SA. Chromosomal aberrations like univalents, 
fragments, irregular grouping of chromosomes, laggards and clumping and 
stickiness among bivalents, multivalents were encountered. 
Raghuvanshi and Singh (1974) irradiated the seeds of Trigonellafoenum 
graecum with y-rays at 10, 20, 30,40, 50, and 60 kR and studied the 
germination percentage, rate of growth, pollen fertility and seed setting in Mi 
generation. Chromosomal aberrations and chromosomal mosacism were noted 
at 40 kR. Chromosomal abnormalities like univalents, fragments and trivalents, 
quadrivalents, hexavalents, laggards and chromatin bridge along with 
fragments were observed. 
Raghuvanshi and Singh (1976) studied the effect of y-rays on growth 
and karyokinetic activity in Trigonella foenum-graecum by exposing the seeds 
to 10, 30 and 60 kR while in 10 kR treated and confrol populations, the 
germination was simultaneous. There was initial stimulating effect of higher 
dose on root growth and division frequency but after few days both these were 
negatively correlated with increasing doses. The frequency of abnormal cells 
increased with increasing doses. At 60 kR, there was no growth beyond two 
cotylendonary stage due to adverse effect on cell nuclei in growing region. 
Different responses of roots and shoots to radiation were also discussed. 
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Zeerak (1992) studied the relative effects, individual and combined 
treatments of y-rays and EMS on meiosis, pollen and seed fertility in Mi 
generation of Lycopersicon esculentum. A dose dependent increase in meiotic 
irregularities and sterility was observed with all the treatments. However, 
combined treatments followed by EMS treatments proved more efficient. A 
dose dependent increase in chiasma frequency was observed in almost all the 
single and combined treatments. 
Kumar and Dubey (1998) studied the effect of y-rays, EMS and DBS on 
meiosis, pollen and seed sterility and survival percentage in Mi generation of 
Lathyrus sativus. High frequency of translocations leading to multivalent 
associations involving varying number of chromosomes were induced in all the 
treatments. There was increase in meiotic abnormalities with an increase in 
radiation dose individually as well as in combination with a chemical mutagen. 
Highest gamma ray dose individually proved to be most effective in inducing 
meiotic abnormalities. However, this dose combined with DBS induced greater 
pollen and seed sterility and lower survival percentage. 
Bhat et al. (2005 a) studied the effect of y-rays, ethyl methane sulphonate 
(EMS) and methyl methane sulphonate (MMS) on meiotic features and pollen 
fertility in Vicia faba L. Studies undertaken in Mi generation on the variety 
minor of this species showed that both the physical and chemical mutagens 
elicit various kinds of chromosomal abnormalities and reduction in pollen 
fertility. Such effects were dose dependent. However, the induction of meiotic 
abnormalities was observed to be higher under MMS treatment, followed by 
gamma rays and EMS. 
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Bhat et al. (2005b) studied the relative effect of EMS and MMS on 
meiosis and pollen sterility in Viciafaba L. var. major in Mj generation and 
reported various meiotic aberrations like stickiness, laggards, bridges, 
precocious separation, disturbed polarity, cytomixis and nonsynchronisation. 
Stickiness of chromosomes was the most common aberration followed by 
bridges and precocious separation. Among the different stages of meiosis the 
frequency of chromosomal aberrations was maximum at metaphase-I and 
showed a linear increase with increase in concentration of both the mutagens. 
However, MMS induced maximum frequency of aberrations than EMS. Pollen 
sterility seemsioihe.cumulative result.of various meiotic aberrations. 
Bhat et al. (2006a) studied the relative effects of EMS on meiosis and 
pollen fertility in Vicia faba L. var. minor in Mi generation. Meiotic studies 
revealed various aberrations like stickiness, laggards, bridges, precocious 
separation, disturbed polarity, cytomixis and non-synchronization and showed 
a linear increase with increase in concentration of the mutagen. Pollen sterility 
was the cumulative result of various meiotic aberrations. 
Bhat et al. (2006b) reported cytomixis during microsporogenesis at 
various stages of meiosis in methyl methane sulphonate (MMS) treated 
populations of Viciafaba L. Cytomixis was observed to occur through various 
methods, i.e. by forming cytoplasmic channels and direct fusion of pollen 
mother cells. The migration of nuclear content involved all the chromatin / 
chromosomes or part of it from donor to recipient cell/cells. Increasing 
concentrations of MMS had a positive effect on the percentage of PMCs 
showing cytomixis. The level of pollen fertility was found to be affected by 
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cytomixis and chromosome stickiness. It seems possible that genetic factors 
might have also contributed towards pollen sterility, 
Sharma and Kumar (2004) studied the effect of ethyl methane 
sulphonate on meiotic abnormalities in two cultivars viz. CSG-89.62 and KPG-
59 of Cicer arietinum L. They noted different types of meiotic abnormalities 
such as stickiness, univalents, multivalents, unorientation of chromosomes, 
precocious separation of chromosomes at metaphase and bridges, laggards and 
unequal separation of chromosome at anaphase were recorded. A dose 
dependent increase in meiotic abnormalities was obtained in both the cultivars. 
Ganai et al, (2005) treated seeds of Cicer arietinum L. var. (GNG-469 
and BG-372) with different concentrations of MMS and studied the cytology of 
control as well as treated plants of Mj generation and noted the meiotic 
abnormalities such as univalents, multivalents, stickiness, laggards, bridges, 
unequal separation, cytomixis and micronuclei. A dose dependent increase in 
meiotic abnormalities was obtained in both the varieties. 
3.6 Medical Properties: 
Fenugreek is reported to have anti-diabetic, anti-fertility, anticancer, 
anti-microbial, anti-parasitic and hypocholesterolaemic effects (Al-Habori and 
Raman, 2002). In India, fenugreek is used as a lactation stimulant (Tiran, 
2003). Fenugreek seed in powder or germinated form exhibits anti-diabetic 
properties (Taliliani and Kar, 2003a; Vats et al, 2003) 
RoUands et al. (2006) gave a clinical report on Diarun plus in 
controlling elevated blood sugar level. Diarun plus is a polyherbal formulation, 
the main herb components of which are Gymnema sylvestre, Trigonella 
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foenum-graecum, Tinospora cordifolia, Salacia reticulata and Curcuma longa 
etc. They found a long-term benefit of this formulation and. In this study they 
observed encouraging result and found effectively controlling the elevated 
blood sugar level gradually and prevented hyperglycemia and associated 
complications. 
Shanker et al. (2005) proposed a polyherbal formulation sactomines 
granules which contains the different parts of plants such as Eleusine coracana, 
Cicer arietinum, Emblica officinalis, Withania somnifera Trigonella foenum-
graecum, Pueraria tuberosa. Asparagus racemosus, Glycyrrhiza glabra, 
cyamopsis tetragonoloba and Carcuma longa. This formulation tried as an 
adjuvant in 100 patients at dose of 10 gm in morning and evening 30 minutes 
before food and they found that all patients showed marked improvement in 
20-25 days and complete reversal and bioregulation of neural functions in 90-
95 days. 
Amburaj et al. (2005) tested the petroleum ether and chloroform extracts 
of seeds and leaves of fenugreek (Trigonella foenum-graecum) (leguminosae) 
for their antimicrobial activity against various micro-organisms. They reported 
seed extracts were more effective against Escherichia coli. Salmonella mtyphi 
and Staphylococcos aureus. 
Perumal et al. (2004) tested the ethanolic extract of nine medicinal 
plants part such as Coleus aromaticus (leaves), Euphorbia tirucalli (stem), 
Trigonella foenum-graecum (leaves). Curcuma longa (rhizome), Aloe vera 
(aerial parts), Allium sativum (stem), Zingiber officinale (rhizome), Centella 
asiatica (leaves) and Solanum trilobatum (leaves) for antifungal activities 
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against Aspergillus flavus, A. terreus and Mucor species and found that all the 
extracts in different concentrations exhibited good fungicidal activity. 
Acharya et al. (2006) reported that fenugreek (Trigonella foenum-
graecum L.) leaves and seeds were used extensively for medicinal purposes. 
Fenugreek seed is known to exhibit anti-diabetic and anti-nociceptive 
properties and effects such as hypocholesterolaemic, anti-cancer and thyroxine-
induced hyperglycaemia. 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
The present work was undertaken to assess the effect of chemical 
mutagens on seed germination, plant survival, plant height, pollen fertility, 
meiosis and various quantitative characters in Mi generation of Trigonella 
species {Trigonella foenum-graecum L. and Trigonella corniculata L.). 
4.1 Biological parameters 
4.1.1 Seed germination (%) 
The control showed 94:00% and 97.87% germination in desi methi {T. 
foenum-graecum L.) and Kasuri methi {T. corniculata L.) respectively. Seed 
germination decreased with an increase in concentration of the mutagens in 
both the species (graph 1, 2 and 3, 4). The maximum decrease in germination 
was observed at the highest concentration of all the mutagens. In case of MMS 
treatments, the maximum inhibitory effect on germination (38.29%) and 
(41.30%) was observed at 0.05% in desi and kasuri methi respectively. In case 
of SA, the maximum inhibition (34.04%) and (36.95%) was recorded at 0.05% 
in desi and kasuri methi respectively (Table 1 and 2). 
In general, germination was affected in all the treatments in both the 
species, however, kasuri methi was more sensitive to the mutagenic treatments 
than desi methi. 
4.1.2 Plant survival (%) 
The survival of seedlings decreased with an increase in dose/concentration 
in almost all the mutagenic treatments in both the species (graph 1, 2, 3 and 4). 
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Among the mutagenic treatments, the maximum survival percentage was 
observed at the lowest treatments and the minimum survival percentage was 
observed at highest treatments of both the mutagens. The highest lethality i.e. 
21.86% in desi methi and 22.56% in kasuri methi was recorded at 0.05% MMS 
treatments. In case of SA, the highest lethality (15.34%) and (19.06%) was 
recorded at 0.05% in desi methi and kasuri methi respectively. The pooled 
mean values for survival percentage indicated that maximum survival (88.79% 
in desi methi and 84.49% in kasuri methi) was observed in SA as compared to 
97.87% in controls (Tables 1 & 2). However, the pooled value of lethality was 
maximum, (10.90%) in desi methi and (13.52%) in kasuri methi in MMS 
treatments in both the species. However, kasuri methi was sensitive than desi 
methi with respect to reduction in survival percentage. 
4.1.3 Pollen fertility 
The pollen fertility decreased with an increase in the mutagenic treatments 
(graph 1, 2, 3 and 4). In other words, the pollen sterility increased with increase 
in mutagenic dose/concentration. The maximum sterility was observed at the 
highest dose/concentration of each mutagen. The maximum sterility (28.94% 
and 29.51%) were recorded in desi and kasuri methi respectively at 0.05% 
MMS treatment. 
The pollen fertility was reduced to 67.46% in desi methi and 64.66% in 
kasuri methi as compared to control values i.e. 94.85% and 91.49% in desi and 
kasuri methi respectively (Tables 1 & 2). 
4.2 Studies on quantitative traits 
In Ml generation, the effect of MMS and SA treatments was studied on 
various quantitative traits viz., plant height (cm), days to flowering, days to 
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maturity, number of branches per plant, number of pods per plant, pod length 
(cm), number of seeds per pod, 1000-seed weight (g), total yield per plant (g), 
number of clusters per plant and number of pods per cluster. Data on all these 
traits in two species of Trigonella are summarized in the tables 3 to 8. 
A perusal of the results on various quantitative traits revealed that each 
traits was affected individually by the mutagens and the differential species 
response to different mutagens was also observed. 
Days taken to flowering and maturity increased as compared to the control 
in almost all the treatments, whereas, a negative shift in mean values was also 
observed in some of the concentrations. On the other hand, plant height (cm), 
mostly decreased as compared to control except at some concentrations which 
showed stimulatory effect (Table 3 & 4). The number of branches per plant, 
number of pods per plant, pod length (cm), number of seeds per pod mostly 
increased over their control values, except at some doses/concentrations. 
However, in case of T. comiculata number of clusters per plant and number of 
pods/cluster also showed increase over their control values except at some 
concentrations. 
Interestingly, the 1000-seed weight (g) and total plant yield (g) increased 
in almost all the treatments, with some exceptions which showed inhibitory 
effect. Lower or intermediate concentrations of all the individual treatments 
were most effective in increasing the seed weight (g) and total plant yield (g) in 
both the species. 
The pooled mean values for days to flowering and days to maturity 
showed slight delaying effect in both the mutagenic treatments as compared to 
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control in both the species (i.e. Trigonella foenum-graecum L. and Trigonella 
corniculata L.). The pooled mean values for plant height (cm) showed increase 
in both the mutagenic treatments as compared to control in Trigonella foenum-
graecum L., whereas, in T. cornicualta L., slightly decreasing effect of 
mutagens was noticed in both MMS and SA treatment. 
The pooled mean values for number of branches per plant showed slight 
increase in case of T. foenum-graecum L. and slight decrease in T cornicualta 
L. in both (MMS and SA) mutagenic treatments. In case of T. foenum-graecum 
L. the pooled mean values for number of pods per plant showed slight increase 
in case of MMS treatments and slight decrease in SA treatments. 
In case of Trigonella cornicualta L. the pooled mean values for number of 
clusters per plant and number of pods per cluster increased in both (MMS and 
SA) mutagenic treatments. 
The average length of pod showed slight increase in MMS and decrease in 
SA treatments in both the species. 
The pooled mean values for number of seeds per pod, 1000-seed weight 
and total yield/plant showed slight increase in both (MMS and SA) mutagenic 
treatments in case of T. corniculata L. In case of T. foenum-graecum L. the 
pooled mean values for seeds per pod and 1000-seed weight showed slight 
increase in both the mtuagenic treatments and total yield per plant increased in 
MMS but remain unchanged in SA treatments. 
The polygenic variability measured in terms of coefficient of variation 
(CV%) increased in all the mutagenic treatments in comparison to control in 
both the species. The maximum coefficient of variability was recorded for 
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number of branches per plant followed by number of pods per plant, number of 
seeds per pod and average length of pod in desi methi whereas, the lower 
values of coefficient of variations were recorded for the days to flowering and 
days to maturity. 
In case of kasuri methi the maximum coefficient of variability was 
recorded for number of branches per plant followed by number of seeds per 
pod and average length of pod whereas, the lower values of coefficient of 
variations were also recorded for the days to flowering and days to maturity. 
A perusal of results of various quantitative traits revealed that each trait 
was affected individually by the mutagen and the differential species response 
to different mutagens was also observed. In general, the lower concentrations 
of both the individual as well as combination treatments were most effective in 
inducing the positive shift in the mean values, while the higher treatments 
showed reduction in the mean values in both the species, but this condition was 
just opposite for daysto flowering and days to maturity. With respect to pooled 
mean values, the MMS treatments showed more positive shift than SA 
treatments as compared to control in both the species. 
4.3 Cytological observations: 
The control plants of T. foenum-graecum L. and T. corniculata L. 
revealed eight perfect bivalents (2n=16) at diakinesis (Plate X, fig 1) and 
metaphase I (Plates X and XIII, Figs. 2 & 37). 
The microsporogenesis in plants raised from treated seeds was highly 
disturbed. The meiotic studies showed almost similar types of chromosomal 
aberrations in both the species but the frequencies of these aberrations were 
different (Tables 9 and 10). The total frequency of meiotic aberrations in each 
concentration at different stages of meiosis is presented in the Table 11. 
The various chromosomal aberrations during microsporogenesis in Mi 
generation were univalents, multivalents, stickiness, precocious separation, 
non-orientation of bivalents and fragments at metaphases I/II, laggards, bridges 
and unequal separation at anaphases I/II. The dominant meiotic aberrations at 
telophase I/II were disturbed polarity, micronuclei and multinucleate condition 
(Plates X to XV, figs. 1 to 69). 
The observations showed that almost all types of chromosomal 
aberrations were dose dependent in both the species. 
4.3.1 Chromosomal aberrations at metaphase I/II 
4.3.1.1 Univalents 
The univalents were observed at the metaphase I in almost all the 
treatments in both the species (Plate X, fig. 8). The frequency of PMCs 
showing univalents ranged from 0.86 - 1.78% (MMS), and 0.87%-1.78% (SA) 
in desi methi whereas, the frequency of PMCs showing univalents ranged from 
0.53%-1.63% (MMS) and 0.26%-l.l 1% (SA) in Kasuri methi. 
The maximum frequency of PMCs with univalents was recorded at the 
highest dose/concentration of each individual treatments in both the species. 
The maximum frequency of PMCs with univalents was 2.08% and 1.63% in 
MMS treatment in T. foenum-graecum L. and T. corniculata L. respectively. 
4.3.1.2 Multivalents 
Multivalents such as trivalents, tetravalents, hexavalents, heptavalents and 
octavalents were observed at the metaphase I in the freated population in both 
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the species (Plates X & XIII, Figs. 10 & 46). The multivalents showed dose 
dependent increase in all the individual mutagenic treatments in both the 
species. The frequency of PMCs showing multivalents ranged from 0.86%-
1.78% (MMS) and 0.58%-1.48% (SA) in T. foenum-graecum L., while this 
range was 0.80%-1.90% (MMS) and 0.52%-1.62% (SA) in T. corniculata L. 
The highest dose/ concentration of each individual treatments showed the 
higher frequency of PMCs with multivalents in both the species. The maximum 
frequency of PMCs with multivalents was 1.78% and 1.90% at 0.05% MMS in 
T. foenum-graecum L. and T. corniculata respectively. 
4.3.1.3 Stickiness 
Stickiness or clumping of chromosomes at metaphase I/II was the most 
common meiotic aberration. Chromosomes were clumped either in one or 
different groups (Plates XI, XII & XIII, Figs. 15, 16, 20, 27 & 44). The 
frequency of PMCs showing stickiness ranged from 0.86%-2.38% (MMS) and 
0.58%-2.37% (SA) in T. foenum-graecum L., while the frequency of PMCs 
showing stickiness ranged from 0.53%-1.63% (MMS) and 0.79%-1.62% (SA) 
in T. corniculata L. The highest dose/concentration of each individual 
mutagenic treatments showed the higher frequency of PMCs with stickiness in 
both the species. The maximum frequency of PMCs with stickiness was 2.38% 
and 1.63% at: 0:05% MMS in desi methi and kasuri methi respectively (Table 9 
and 10). 
4.3.1.4 Precocious separation 
Precocious separation at metaphase MI was one of the most common 
cytological aberration (Plates XI, XIII & XIV, Figs. 13, 14, 48 & 49). The 
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frequency of PMCs showing precocious separation ranged from 0.86%-1.78% 
(MMS) and 0.58%-1.48% (SA) in T. foenum-graecum while this range was 
0.26%-1.63% (MMS) and 0.52%-1.38% (SA) in T. cornicualta L. the highest 
dose/concentration of each individual mutagenic treatments showed the higher 
frequency of PMCs with precocious separation in both the species (Table 9 & 
10). The maximum frequency of PMCs with precocious separation was 1.78% 
and 1.63% at 0.05% (MMS) in T. foenum-graecum L. and T. corniculata L. 
respectively. 
4.3.1.5 Non-orientation 
Non-orientation of bivalents was observed in all the mutagenic treatments 
in both the species (Plate X, Fig. 11). The frequency of PMCs with non-
orientation of bivalents ranged from 0.86-1.48% (MMS) and 0.57%-1.18% 
(SA) in T. foenum-graecum L. while it ranged from 0.26%-1.90% (MMS) and 
0.26%-1.66% in (SA) in T. corniculata L. Moreover, the highest dose/ 
concentration of each individual mutagenic freatments induced the highest 
frequency of PMCs with non-orientaiton of bivalents was 1.48% and 1.90% at 
0.05% MMS in T. foenum-graecum L. and T. corniculata L. respectively. 
4.3.1.6 Fragments 
Fragments were observed in almost all the freatments (Plate XI, Fig. 21) 
with a few exceptions. The frequency of PMCs with fragments ranged from 
0.28%-2.08% (MMS) and 0.85%-1.78% (SA) in T. foenum-graecum L., while 
this range was 0.52%-2.17% (MMS) and 0.52%-l.l 1% (SA), in T. corniculata 
L. The highest dose/concenfration of each individual mutagenic freatments 
induced highest frequency of PMCs with fragments in both the species. The 
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maximum frequency of PMCs with fragments was 2.08% and 2.17% at 0.05% 
MMS in T. foenum-graecum L. and T. corniculata respectively. 
4.3.1.7 Stray bivalents 
Stray bivalents were observed almost in both the mutagenic freatments 
and in both the species (Plate X & XIV, Figs. 12, 50 & 51). The frequency of 
PMCs with stray bivalents ranged from 0.28%-1.79% (MMS) and 0.87%-
1.78% (SA) in T. foenum-graecum L., while it ranged from 0.26%-2.17% 
(MMS) and 0.81%-1.94% (SA) in T. corniculata L. Moreover, the higher dose/ 
concentration of each individual mutagenic freatments induced the highest 
frequency of PMCs with stray bivalents was 1.79% and 2.17% at 0.05% MMS 
in T. foenum-graecum L. and T. corniculata L. respectively. 
4.3.2 Chromosomal aberrations at anaphase I and II : 
The dominant chromosomal aberrations at anaphase I/II were laggards, 
bridges unequal separation of chromosomes and non-synchronization. 
4.3.2.1 Laggards 
Laggards were observed iin almost all the freatments (Plates XI & XIV, 
Figs. 17, 18, 54, 55 &.60).with a few exceptions. These laggards were present 
either as univalents or as whole bivalents at anaphase I and as univalent at 
anaphase II. The frequency of PMCs with laggards ranged from 0.86%-1.78% 
(MMS) and 0.57%-1.78% (SA) in T. foenum-graecum L., while in T. 
corniculata L. it ranged from 0.26%-1.90% (MMS) and 0.26%-1.66% (SA). 
Moreover, dose dependent increase was observed in all the mutagens in both 
the species. The maximum frequency of PMCs with laggards was 1.78 and 
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1.90% at 0.05% MMS in T. foenum-graecum L. and T. corniculata 
respectively. 
4.3.2.2 Unequal separation 
Unequal separation of chromosomes was noticed in all the mutagenic 
treatments in both the species (Plates XI & XIV, Figs. 22 & 52). Moreover, a 
dose dependent increase was observed in both the mutagens in both the species. 
The frequency of PMCs with unequal separation of chromosome ranged from 
1.15%-1.48% (MMS) and 1.14%-1.48% (SA) in T. foenum-graecum L., 
whereas it ranged from 0.53%-1.63% (MMS) and 0.81%-1.60% (SA) in T. 
corniculata L.. The maximum frequency of PMCs with imequal separation of 
chromosomes was 1.48% and 1.63% at 0,05% MMS in T. foenum-graecum L. 
and T. corniculata L. respectively. 
4.3.2.3 Non-synchronization 
Non-synchronization of chromosomes was observed in both the 
mutagenic treatments (Plates XII & XV, Figs. 29, 61 & 62) frequency of PMCs 
with non-synchroniation ragned from 0.57%-1.78% (MMS) and 0.57%-1.78% 
(SA) in T. foenum-graecum L., whereas, this range was 0.53%-1.90% (MMS) 
and 0.52%-1.66% (SA) in T. cornicualta L. The maximum frequency of PMCs 
showing non-synchronization condition was 1.78% and 1.90% at 0.05% 
(MMS) in sp. T. foenum-graecum L. and T. corniculata L. respectively. 
4.3.2.4 Bridges 
Bridges at anaphase stages were frequently observed in both the species 
with both the mutagenic treatment (Plates XI, XII «& XIV, Figs. 19, 28, 56 & 
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57). Moreover, the highest dose/ concentration of each individual treatments 
induced highest frequency of PMCs with bridge in both the species. The 
frequency of PMCs with bridges ranged from 0.55%-1.19% (MMS) and 
0.58%-1.18% (SA) in T. foenum-graecum L., while, the frequency of PMCs 
with bridges ranged from 0.26%-2.17% (MMS) and 0.26%-1.94% (SA) in T. 
corniculata. The maximum frequency of PMCs with bridges was 1.19% and 
2.17% at 0.05% MMS in T. foenum-graecum L. and T. corniculata L. 
respectively. 
4.3.3 Chromosomal aberrations at telophase I and II 
The common chromosomal aberrations at telophase I/II were bridges, 
disturbed polarity, micronuclei and multinucleate condition. 
4.3.3.1 Disturbed polarity 
Disturbed polarity is a dominant chromosomal aberration observed at 
telophase II in both the treatments in both the species (Plates XII & XV, 
Figs.30, 31, 63, 64 & 65.). Moreover, the highest dose/concentrations of each 
individual treatments induced highest frequency of PMCs with disturbed 
polarity. The frequency of PMCs showing disturbed polarity ranged form 
0.86%-1.48% (MMS) and 0.58%-1.18% (SA) in T. foenum-graecum L., while 
it ranged form 0.80%-1.63% (MMS) and 0.52%-1.38% (SA) in T. corniculata 
L. The maximum frequency of PMCs with disturbed polarity was 1.48% and 
1.63% at 0.05% MMS in T. foenum-graecum L. and T. corniculata L. 
respectively. 
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4.3.3.2 Micronuclei 
Micronuclei were observed in both mutagenic treatments (Plates XI, XII 
& XIV, Figs. 24, 33, 58 & 59). The frequency of PMCs with micronuclei 
ranged from 0.55%-0.89% (MMS) and 0.29%-0.59% (SA) in T. foenum-
graecum L., whereas, it ranged from 0.52%-1.36% (MMS) and 0.54%-0.83% 
(SA) in T. corniculata L. The maximum frequency of PMCs with micronuclei 
was 0.89% and 1.36% at (0.05% MMS) in T. foenum-graecum L. and T. 
corniculata L. respectively. 
4.3.3.3 Multinucleate conditioii 
Multinucleate condition was observed in both mutagenic treatments (Plate 
XII, Figs. 32) except at the few doses/ concentrations of mutagens in both the 
species. The frequency of PMCs with multinucleate condition ranged from 
0.28%-1.19% (MMS) and 0.28%-1.18% (SA) in T. foenum-graecum, whereas, 
this range was 0.26%-1.36% (MMS) and 0.26%-1.11% (SA) in T. corniculata 
L. The maximum frequency of PMCs showing multinucleate condition was 
1.19% and 1.36% at 0.05% MMS in T. foenum-graecum L. and T. corniculata 
L. respectively. 
In addition of the above mentioned meiotic abnormalities, a few 
aberrations like cytomixis, stickiness at anaphase, disturbed anaphase II were 
also noticed in some PMCs atihighentreatments. 
Perusal of the results in Tables 9 and 10 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen in both the 
species. The overall frequency of meiotic aberrations at various stages of 
meiosis indicated that metaphase^aberrations-were more common followed by 
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anaphase and telophase aberrations (Table 11). However, the frequency of 
meiotic aberrations was comparatively more in T. corniculata L. than the in T. 
foenum-graecum L. 
4.4 Morphological variations 
To understand the response of two species viz., T. foenum-graecum L. and 
T. corniculata L. of methi to different mutagenic treatments, the control as well 
as treated population were screened carefully to identify the various types of 
morphological variations at different stages of growth in Mi generation. Some 
viable, phenotypically detectable morphological variants with altered 
characters i.e., plant height (tall and dwarf), growth habit (bushy), leaf colour 
(chlorophyll variants), pod size, yield parameters were isolated in Mi 
generation of methi. The representative photographs of these morphological 
variants are given in Plate. L.to IX. (Figs. 1 to 29). A detailed analysis of 
frequency of each morphological variations induced by the MMS and SA in 
species T. foenum'rgraecum L. and T. corniculata L. is presented in the Table 
12 and 13. 
4.4.1 Tall variants 
The plants exceeding the height from their respective controls by at least 5 
cm were placed in this category (Plate I and V, Fig. 2 3, 15, 16 and 17). These 
variants were isolated from the population treated with individual mutagens in 
both the species. Out of the total morphological variants, the frequency of these 
variants was 1.71% and 1.32% in desi and Kasuri methi respectively. These 
variants showed only increase in the plant height. 
«n 
4.4.2 Dwarf variants 
The plants which showed reduction in height by atleast 5 cm from their 
respective controls were put in this category (Plate II and VI, Fig. 8 and 21). 
These variants were noticed in MMS treated desi methi, while in Kasuri methi, 
these variants were observed only in SA treatment. The frequency of these 
variants was 0.58% in desi methi and 0.61% in kasuri methi. 
4.4.3 Bushy variants 
These variants were highly vigorous in growth having more number of 
branches and slight compact arrangement of leaves as compared to their 
respective controls in both the species (Plate II and VI, Fig. 7 and 19). The 
frequency of these variants were 1.12% and 1.32% in desi and Kasuri methi 
respectively. 
4.4.4 Long poded variants 
These variants had more number of seeds per pod as compared to their 
respective controls (Plate I, Fig. 3 and 4). Long poded variants only found in 
the Trigonella foenum-graecum L. (desi methi) because Trigonella corniculata 
L. (Kasuri methi) has pods in cluster form. The frequency of this variant was 
1.12% in desi methi. 
4.4.5 High yielding variants 
These variants showed increase in the total yield per plant (g). These 
variants were mostly tall looking and bushy having increased number of 
branches, and increased number of pods per plant as compared to their 
respective controls in both species (Plate II and VI, Figs. 5, 6 and 18). The 
51 
frequency of these variants was 1.12% and 1.32% in desi and kasuri methi 
respectively. 
4.4.6 Chlorophyll variants 
These variants were of Tigrina and maculata types (Plate III and VII, Figs. 
9, 11 and 22). In case of tigrina type of chlorophyll variant, the leaves were 
green with yellow patches, while in case of maculata type of chlorophyll 
variant leaves were green with white spots plants were normal but showed slow 
growth. 
These variants were isolated from the SA in Trigonella foenum-graecum 
L., while in case of Trigonella comiculata L. it was isolated from the MMS 
treatment. The frequency of these variants were 0,54% and 0.71% in Trigonella 
foenum-graecum L. and Trigonella comiculata L. respectively. 
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EXPLANATION OF FIGURES 
Plate I 
Trigonella foenum-graecum L. (Mi generation) 
Fig. 1 Trigonella foenum-graecum L. (Control) 
Fig. 2 Tall variant with double pods (0.02% MMS) 
Fig. 3 Tall variant with long pods (0.03% MMS) 
Fig. 4 Tall variant with long pods (0.03% SA) 
PLATE! 
Plate II 
Trigonella foenum-graecum L. (Mi generation) 
Figs. 5 & 6 Variant showing multiple branches and vigorous fruiting 
(0.02% MMS & 0.03% SA) 
Fig. 7 Variant showing bushy habit and vigorous fruiting (0.04% 
MMS) 
Fig. 8 Dwarf variant (0.05% MMS) 
PLATE-II 
Plate III 
Trigonella foenum-graecutn L. (Mi generation) 
Fig. 9 Showing close-up of variant in Fig 10 (Tigrina type) 
(0.05% SA) 
Fig. 10 Plant showing chlorophyll mutation (Tigrina type) (0.05% 
SA) 
Fig. 11 Plant showing chlorophyll mutation (Xantha type) (0.04% 
MMS) 
PLATE-III 
Plate IV 
T. foenum-graecum L. (Mi generation) 
Fig. 12 Dwarf variant showing thick pods (0.02% SA) 
Fig. 13 Showing close up of Fig. 12 
PLATE-IV 
Plate V 
Trigonella comiculata L.(Mi generation) 
Fig. 14 Control plant 
Fig. 15 Variant showing tall and multiple branches (0.03% MMS) 
Fig. 16 Variant showing tall nature and multiple branches (0.01% 
SA) 
Fig. 17 Variant showing tall nature and multiple branches (0.01% 
MMS) 
PLATE-V 
* 
4> 
> 
1 »^y-J^^^M 
Plate VI 
T. corniculata L. (Mi generation) 
Fig. 18 Showing vigorous growth, fruiting and multiple branches 
(0.03% MMS) 
Fig. 19 Showing luxurious growth and multiple branches (0.02% 
MMS) 
Fig. 20 Showing multiple branches and vigorous fruiting (0.01% 
SA) 
Fig. 21 Dwarf variant (0.05% SA) 
PLATE-VI 
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•BE. ' ~ ^ ' 
r (20 > 1 ^_w 
Plate VII 
T. corniculata L.(Mi generation) 
Figs. 22 & 23 Showing chlorophyll variant (maculata type) and its 
close up (0.04% MMS) 
PLATE-VII 
PLATE-VIII 
((({ Y 
(24) 
Plate VIII 
T. foenum-graecum L. (Mi generation) 
Fig. 24. (a) Small pods (control) 
(b) Long pods (0.03% MMS) 
Fig. 25 (a) Showing long and broad pods (0.02% SA) 
(b) Showing small and broad pods (0.04% MMS) 
Fig. 26 (a) Small seeds (control) 
(b) Bold seeds (0.03% MMS) 
(c) Small seeds with change in colour (yellowish black) 
(0.05% SA) 
PLATE-VIII 
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Plate IX 
T. comiculata L. (Mi generation) 
Fig. 27 (a) Cluster of fruits (control) 
(b-f) showing effect of increasing concentration of MMS 
(0.01% to 0.05%) 
Fig. 28 (a) Cluster of fruits (control) 
(b-f) showing effect of increasing concentration of SA 
(0.01% to 0.05%) 
Fig. 29 (a) Seeds of control plant 
(b) Showing seeds with changed in colour (black) (0.04% 
MMS) 
PLATE-IX 
J-^>^ ^^^^^ 
MMs 
Plate X 
Trigonella foenum-graecum L. 
Fig. 1 PMC showing 7" + 2^  at dikinesis (0.05% SA) 
Fig. 2 PMC showing of perfect bivalents at metaphase I (control) 
Fig. 3 PMC showing normal metaphase II (control) 
Fig. 4 PMC showing normal anaphase I (control) 
Fig. 5 PMC showing normal anaphase II (control) 
Fig. 6 PMC showing normal telophase I (control) 
Fig. 7 PMC showing normal telophase II (control) 
Fig. 8 PMC showing 16 univalents at metaphase I (0.05% SA) 
Fig. 9 PMC showing 4" + 8^  at metaphase I (0.05% MMS) 
Fig. 10 PMC showing multivalents (2^ ^ + 4") at metaphase I (0.02% 
MMS) 
Fig. 11 PMC showing unorientation (8") at metaphase I (0.04% SA) 
Fig. 12 PMC showing 2 stray bivalents at metaphase I (0.05% MMS) 
PLATE-X 
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Plate XI 
Trigonella foenum-graecum L. 
Fig. 13 PMC showing precocious separation at metaphase I (0.05% 
MMS) 
Fig. 14 PMC showing precocious separation at metaphase I (0.03% 
SA) 
Fig. 15 PMC showing polar stickiness of chromosomes at metaphase I 
(0.05% SA) 
Fig. 16 PMC showing stickiness of chromosomes in two groups at 
metaphase I (0.05% MMS) 
Fig. 17 PMC showing two laggards at anaphase I (0.04% SA) 
Fig. 18 PMC showing two laggards at anaphase I (0.04% MMS) 
Fig. 19 PMC showing broken bridge with two laggards at anaphase I 
(0.03% MMS) 
Fig. 20 PMC showing stickiness at anaphase I (0.05% SA) 
Fig. 21 PMC showing fragment at anaphase I (0.05% MMS) 
Fig. 22 PMC showing unequal separation at anaphase I (0.04% MMS) 
Fig. 23 PMC showing unequal separation at anaphase I (0.05% SA) 
Fig. 24 PMC showing two micronuclei at telophase I (0.04% MMS) 
PLATE-XI 
Plate XII 
Trigonella foenum-graecum L. 
Fig. 25 PMC showing disturb metaphase II (0.03% MMS) 
Fig. 26 PMC showing spindle rotation by 90°at metaphase II (0.04% 
SA) 
Fig. 27 PMC showing stickiness at metaphase II (0.05% SA) 
Fig. 28 PMC showing bridge at anaphase II (0.04% SA) 
Fig. 29 PMC showing non-synchronization at anaphase II (0.03% 
MMS) 
Fig. 30 PMC showing disturb polarity at telophase II (0.05% MMS) 
Fig. 31 PMC showing disturb polarity at telophase II (0.03% SA) 
Fig. 32 PMC showing five nuclei (multinucleate) at telophase II 
(0.05% MMS) 
Fig. 33 PMC showing one micronuclei at telophase II (0.05% SA) 
Fig. 34 PMC showing cytomixis at anaphase I (0.04% MMS) 
Fig. 35 PMC showing cytomixis with five nucleate condition at 
telophase II (0.05% MMS) 
Fig. 36 PMC showing movement of chromatin material firom one to 
another cell at prophase stage (0.03% SA) 
PLATE-XII 
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Plate XIII 
Trigonella corniculaia L. 
Fig. 37 PMC showing eight perfect bivalents at metaphase I (control) 
Fig. 38 PMC showing normal anaphase I (control) 
Fig. 39 PMC showing normal anaphase II (control) 
Fig. 40 PMC showing normal telophase I (control) 
Fig. 41 PMC showing normal telophase II (control) 
Fig. 42 PMC showing eight bivalents at one pole (0.04% MMS) 
Fig. 43 Prometaphase showing eight bivalents (0.04% MMS) 
Fig. 44 PMC showing chromatin stickiness at metaphase I (0.05% SA) 
Fig. 45 PMC showing stickiness of chromosomes in two groups at 
metaphase I (0.05% MMS) 
Fig. 46 PMC showing two quadrivalents at metaphase I (0.04% MMS) 
Fig. 47 PMC showing 5" + 6' at metaphase I (0.04% SA) 
Fig. 48 PMC showing precocious separation at metaphase I (0.03% 
MMS) 
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Plate XIV 
Trigonella corniculata L. 
Fig. 49 PMC showing precocious separation at metaphase I (0.04% 
SA) 
Fig. 50 PMC showing stray bivalents at metaphase I (0.05% MMS) 
Fig. 51 PMC showing two stray bivalents at metaphase I (0.04% SA) 
Fig. 52 PMC showing unequal separation at anaphase I (0.04% SA) 
Fig. 53 PMC showing stickiness at anaphase I (0.05% MMS) 
Fig. 54 PMC showing laggards at anaphase I (0.04% MMS) 
Fig. 55 PMC showing laggards at anaphase I (0.03% SA) 
Fig. 56 PMC showing bridge at anaphase I (0.03% MMS) 
Fig. 57 PMC showing chromatin bridge at anaphase I (0.02% SA) 
Fig. 58 PMC showing telophase I with two micronuclei (0.04% SA) 
Fig. 59 PMC showing 4 micronuclei at telophase I (0.05% MMS) 
Fig. 60 PMC showing laggards at anaphase II (0.03% MMS) 
PLATE-XIV 
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Plate XV 
Trigonella corniculata L. 
Fig. 61 PMC showing non-synchronization at anaphase II (0.03% SA) 
Fig. 62 PMC showing non-synchronization at anaphase II (0.05% 
MMS) 
Fig. 63 PMC showing disturb polarity at anaphase II (0.05% SA) 
Fig. 64 PMC showing disturb polarity at telophase II (0.04% MMS) 
Fig. 65 PMC showing disturb polarity at telophase II (0.05% MMS) 
Fig. 66 PMC showing movement of chromatin materials (0.05% SA) 
Fig. 67 Two PMCs showing cytomixis (0.05% MMS) 
Fig. 68 PMC showing cytomixis at metaphase I (0.04% SA) 
Fig. 69 PMC showing cytomixis condition (0.05% MMS) 
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CHAPTER-5 
DISCUSSION 
The breeding potential of a crop plant is to exploit the existing genetic 
variability through selection or created variability. Mutation breeding technique 
is the best method to enlarge the genetically conditioned variability of a species 
within a short time and has played a significant role in the development of 
many crop varieties (Micke, 1988). Induced mutagenesis plays a very 
important role in enhancing genetic .variability for crop improvement by 
inducing micromutations in addition to the visible macromutations. The 
primary strategy in mutation-based plant breeding has been to upgrade the 
well-adopted varieties by ahering one or two major traits. These include mainly 
the yield contributing traits. Besides, induced mutagenesis offers a possibility 
for the induction of desirable attributes perhaps those that either can not be 
found naturally or have been lost. 
The present discussion^ is mainly confined to the mutagenic effects of 
MMS and SA on different biological parameters (seed germination, seedling 
survival and pollen fertility), economic characters (plant height, days to 
flowering, days to maturity, number of branches per plant, number of 
pods/plant, length/pod (cm)>.inumber.of seeds/pod, lOOO-seed weight, total 
yield/plant and) and meiotic behaviour of treated as well as control plants. 
Observations on these parameters provide a clear cut and persistent 
indication with regard to effectiveness of mutagens used in the present study. 
The sensitivity of any biological tsystem to a particular mutagenic treatments 
depends on various factors such as : 
Chemical properties of the mutagen 
Properties of biological system 
Temperature 
Duration of treatment 
Hydrogen ion concentration 
Pre and post treatment condition 
The variability so generated is considerably large and quite helpful in 
selection procedure. The probable reasons and explanations regarding the 
effects of mutagens, have been discussed. 
Biological damage: 
In the present investigation seed germination, plant survival and pollen 
fertility decreased with the increase in mutagenic treatments. These results are 
in confirmation with Wani et al. (2004) in lentil, Potdukhe and Narkhede 
(2002) in pigeonpea, Banu et al. (2004) in cowpea and Kumar (2005) in 
Coriandrum sativum. However, the extent of decrease differed both among 
different mutagens as well as between the two species. In general, MMS 
treatment was found to be more effective than SA treatments in both the 
species. Based on the extent of damage caused, the species T. corniculata L. 
was found to be more sensitive than the species T. foenum-graecum L. 
The adverse effects of physical and chemical mutagens on various 
biological parameters have been reported by many workers (Mehetre et al., 
1990; Kumar and Dubey, 1998a, 1998b; Bhat et al., 2006). Most of these 
workers have observed a dose dependent reduction in the above mentioned 
biological parameters. 
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Several workers have suggested the probable causes responsible for 
inhibition of seed germination. Sharma and Swaminathan (1969) attributed 
reduction in germination to the changes in metabolic condition of the cells. 
Reduction in seed germination (%) in mutagenic treatments has been attributed 
to delay or inhibition in physiological and biological processes necessary for 
seed germination which include enzyme activity (Kurbone et al., 1979), 
defective enzyme production (Kumar, 2005) and inhibition of mitotic process 
(Ananthaswamy et al, 1971). The decrease in the seed germination (%) after 
mutagenic treatments may be ascribed to the chromosomal aberrations, 
disturbances in DNA and auxin synthesis and to the impaired cell metabolism 
(Kirtane and Dhumal, 2004). 
Progressive decrease in the rate of survival of plants with an increase in 
the doses of physical and chemical mutagens has been reported by Jayabalan 
and Rao (1987a) in Lycopersicon esculentum and Kumar and Dubey (1998a,b) 
in Lathyrus sativus. Decrease in seedling survival may be attributed to the 
series of events occurring at the cellular level which affect the vital 
macromolecules and bring about a physiological imbalance in the cells as a 
consequence of exposure to ionizing radiations and chemical mutagens. 
Physiological imbalance or different types of chromosomal aberrations or both 
may be the main cause for drastic decrease in survival (Rao, 1983). 
Varying degree of pollen sterility was induced in all mutagenic 
treatments in the present investigation. The magnitude of sterility increased 
with an increase in dose/concentration of mutagens in some plants. Very high 
pollen sterility .was recorded at the higher, doses of treatments. These results are 
in agreement with many workers who have also reported a dose dependent 
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increase in pollen sterility following mutagenic treatments (Kumar and Dubey, 
1998a, 1998b; Reddy and Annadurai, 1992; Bhat et al, 2005a,b). Mutagen 
induced pollen sterility was found to be chromosomal, genie or physiological in 
nature (Ramesh and Reddi, 2002). Kumar and Mani (1997) reported that the 
failure of homologous pairing during meiosis, could be the main cause of high 
pollen sterility. According to Reddi (1977), the pollen sterility was the result of 
interchanges of segments between non-homologous chromosomes. Reddy and 
Rao (1982) considered that the presence of laggards, univalents, micronuclei 
and stickiness were closely associated with sterility. 
Cytological aberrations: 
In this context cytological investigations appear rewarding as they deal 
with the primary genetic material; the chromosome, and more appropriately the 
DNA which controls the phenotypes. Cytological analysis with respect to either 
mitotic or meiotic behaviour is considered to be one of the dependable indices 
to estimate the potency of mutagen. Therefore, investigations or disturbances in 
meiotic behaviour indicating-mutational genetic load form an integral part of 
most of the mutation studies. It also provides a considerable clue to assess 
sensitivity of plants for different mutagens, and to ascertain the most effective 
mutagen for a given crop to realize maximum results. 
In the present,investigationha.vast array of meiotic aberrations were 
recorded in the plants raised from the seeds treated with different 
concentrations of MMS a^nd SA. Meiotic aberrations increased with an increase 
in concentration of the mutagens in both the species. Although, the types of the 
chromosomal aberrationsuwerenmore.-or Jess common in both the species. 
However, the frequency of chromosomal aberrations were comparatively more 
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in T. corniculata L. indicating that it is more sensitive to the mutagens. 
Different types of chromosomal aberrations viz. univalents, multivalents, 
stickiness, precocious separation, non orientation of bivalents, fragments (at 
metaphase I/II), bridges, laggards and unequal separation non-synchronziation, 
cytomixis (at anaphase I/II) and disturbed polarity, micronuclei and 
multinucleate condition (at telophase I/II) as observed in the present 
investigation, have also been reported by many workers in different plants, viz. 
Anis and Wani (1997) in Trigone Ha foenum-graecum L.; Katyayani et al. 
(1980) in Trigonella foenum-graecum L., Kumar and Srivastava (2001) in 
Plantago ovata Forsk., Anis and Sharma (1997) in Capsicum annum and Bhat 
et al. (2005a,b) in Viciafaba L. 
Univalents : 
The univalents at metaphase I ranged from 3-8 and these were later 
found as laggards at anaphase and telophase stages. The occurrence of 
univalents were also reported by Saha and Datta (2002) in Nigella sativa; 
Kumar et al (2003) in Lens culinaris; Ganai et al. (2005) in chickpea; Bhat et 
al. (2006a,b) in Vicia faba L. and Richa and Gopal (2004) in Helianthus 
annuus L. According to Rumar-and^Rai (2007) univalents may originate from 
an absence of crossing over at pachytene or from desynaptic mutants. 
Univalents might have originated due to early disjunction of some of the 
partially homologous chromosomes as a consequence of which they were 
unable to form normal bivalents (Richa and Gopal, 2004). The occurrence of 
higher frequency of univalents is attributed to non-pairing of chromosomes or 
complete terminalization of chiasmata (Kalloo, 1972, Datta and Biswas, 1986). 
Anis and Wani (1997) reported that chemical treatment induced univalent 
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formation through cryptic structural changes in some of the chromosomes, 
which restricted pairing and in this way reduced chiasma frequency. Rao and 
Laxmi (1980) attributed univalent formation to the partial and complete lack of 
homologous chromosomes pairing. Mitra and Bhowmik (1996) reported that 
non-pairing and early separation of chromosomes at meiosis and gene mutation 
may result in the formation of univalents. 
Multivalents : 
Different types of multivalents associations (tri, tetra, penta, hexa, hepta, 
octa and chain of bivalents) were rather more frequent at higher concentrations 
of all the mutagens in the present investigation have also been reported in 
various plants like Trigotiella^oenum-graecum L, (Abbasi and Anis, 2002), 
Viciafaba L. (Bhat et al., 2006a,b) and chick pea (Ganai et al, 2005; Sharma 
and Kumar, 2004). The multivalent formations have been attributed to pairing 
due to translocations and inversion. Occurrence of multivalent association is a 
common feature in treated plants arising mainly due to the presence of more 
than 2 homologous chromosomes (Richa and Gopal, 2004). In most cases, 
multivalent formation in irradiated seed progenies has been attributed to 
reciprocal translocations, which results in segmental homology between non-
homologous chromosomes (Girjesh and Vivek, 2003). The formation of 
multivalents might have occurred due to chromosomal increase as an outcome 
of deletion resulting from fragmentation of chromosomes. Deletion or 
duplication of genes causing multivalent formation has been reported earlier by 
(Grover and Virk, 1986). According to Katiyar (1978) alteration in the 
chromosome associations, composed of uni, tri, tetra and multivalent were 
possibly the outcome of non or irregular pairing of chromosomes due to 
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translocations. Multivalents might have occurred due to chromosomal increases 
as an outcome of deletion resulting from fragmentation of chromosomes (Singh 
and Gupta, 2004). 
Stickiness : 
Stickiness of chromosomes was one of the most common abnormalities 
observed in the present investigation. Chromosomes were found clumped into 
one, two or many groups due to stickiness at metaphase causing difficulty in 
normal disjunction of chromosomes. These results are in agreement with those 
of Bhat et al (2006) in Viciafaba; Ganai et al. (2005), Sharma et al (2004) in 
chickpea and Srivastava and Kapoor (2008) in fenugreek. Stickiness could be 
the result of partial dissociation and aUered pattern of organisation of 
nucieoprotein. Sometimes they cause clumping of chromosomes or due to 
depolymerization of nucleic acid (Srivastava, 1979). The sticky chromosomes 
may result from defective functioning of one or two types of specific non-
histone proteins involved in chromosome organization that are needed for 
chromatid separation and segregation (Gaulden, 1987). Patil and Bhat (1992) 
suggested that stickiness is a type of physical adhesion involving mainly the 
proteinacious matrix of chromatin material. Bivalents were fotmd in different 
groups or clumped in to a single group due to stickiness. Similar results have 
also been reported by Abbasi and Anis (2002) in Trigonella foenum-graecum 
L. Rao and Laxmi (1980) reported that stickiness can be caused due to the 
disturbances of cytochemically balanced reactions by the effect of alkylating 
agents and later on Jayabalan and Rao (1987) again explained this concept. 
Defective ftmctioning of one or more types of non-histone proteins involved in 
chromosome organization is important for chromatid separation and 
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segregation. In certain species plant genotype and environment interaction have 
been found to cause chromosome stickiness resulting in partial or complete 
failure of pollen germinability (Gaulden, 1987). 
Precocious separation : 
Precocious movement of chromosomes at metaphase I was also a 
dominant abnormality in all the mutagenic treatments. Precocious separation 
was observed by several worker in different plants (Umar and Singh, 2003) in 
barley, Ganai et al (2005) in chickpea, Abbasi and Anis (2002) in fenugreek, 
Srivastava and Kapoor (2008) in fenugreek. At Mi, some of the univalents 
disjuncted early and presumably this happened due to genie differences. Such 
chromosomal divergences in the form of precocious movements has pointed 
towards structural.differentiation of homologous pair (Anis and Wani, 1997). 
Absence of chiasmata, which are responsible for maintenance of bivalents 
permitting normal chromosome segregation is one of the reasons that can be 
ascribed for the precocious migration of univalents. Such disturbances in 
meiosis in highly heterogenous and out crossing species perhaps indicate the 
hybrid nature of genomes, resulting in cell cycle variations, meiotic 
disturbances and chromosome bridges (Bajpai, 2006). Occurrence of univalents 
at diakinesis and precocious separation at Mi might be explained on the basis 
of lack of chiasmata formation and their early terminalization. Earlier reports 
have confirmed that there was a decline in the chiasma fi-equency following 
mutagenic treatments (Dixit & Dubey, 1986). Precocious movements are 
possibly due to the effect of chemicals in breaking the protein moiety of the 
nucleoprotein backbone (Kumar and Rai, 2007). 
60 
Unorientation : 
Unorientation have also been reported by Ganai et al. (2005) in 
chickpea, Abbasi and Anis (2002), Wani and Anis (1997) in fenugreek and 
several other workers in different plants. Unorientation of chromosomes at 
metaphase 1 sometimes lead to unequal separation at anaphase I (Khan, 1996). 
Since unorientation occurs due to improper spindle functioning or absence of 
correct spindle attachments there are ample chances of disturbed or unequal 
segregation of chromosomes at anaphase I. Unorientation of bivalents appears 
to be a manifestation of improper functioning or breakage of spindle fibres, 
which caused the chromosomes to lie scattered all over the cell space (Kumar 
and Singh, 2003). The unoriented bivalents and unattached chromosomes 
might have resulted from the failure of spindle mechanism and in turn these 
discrepancies may account for unequal distribution of chromosomes at 
anaphase I (Dixit and Dubey, 1986). 
Fragments : 
Fragments of chromosomes were also found in the present investigation. 
Fragmentation has been suggested to be due to damaged mechanism of DNA 
repair caused by^themutagen (Cremer era/., 1981). However, Gaulden (1987) 
attributed it to defective repair mechanism as well as to erroneous replication of 
genetic material. The fragmentation of chromosomes may be due to the 
influence of the extract on hydrogen bonds of nucleic acids. Sharma and 
Sharma (1990) reviewed different theories in detail and suggested that the final 
upset of the nucleic acid metabolism ultimately results in hazards in protein 
reduplication causing chromosomes to break at different loci. The loss of 
chromosomal fragments as a result of paracentric inversion lead to deficient 
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gametes and high sterility as observed in the present case. The genetic 
consequences of inversion is that it may resuh in less variation as mversions 
are supposed to be cross over suppressors (Verma and Sharma, 2000). 
Laggards: 
Laggards may be explained on the basis of abnormal spindle formation 
and chromosomal breakage. According to Tarar and Dnyansagar (1980), 
unsynchronized bivalents or laggards might be due to the discrepancies in 
spindle formation. Laggard at anaphase can be attributed to the delayed 
terminalization or perhaps to stickiness of chromosomal ends (Minija et al, 
1999). According toBhattacharjee'(r953), acentric fragments or laggards may 
result in the formation of micronuclei at telophase II and ultimately variation in 
number and size of pollen grains resulting from a mother cell. Laggards may 
arise by breakage or faulty spindle resulting into imbalanced daughter nuclei 
and micronuclei (Singh .and Chaudhary, 2005). Presence of laggards may be 
attributed to the inability of muUivalents to separate properly (Ganai et al, 
2005). Laggards at anaphase have also been observed by Abbasi and Anis 
(2002) in fenugreek, Kumar and Rao (2007) in maize. Singh and Chaudhary 
(2005) in chilli and Srivastava and Kapoor (2008) in fenugreek. 
Bridges: 
Bridges with or without fragments at anaphase stages were frequently 
observed in the present investigation. Bridges with or without fragment were 
also observed in many other plants like fenugreek (Abbasi and Anis, 2002, 
Srivastava and Kapoor, 2008), chickpea (Ganai et al, 2005), chilli (Singh and 
Chaudhary, 2005), maize (Kumar and Rai, 2007). The presence of chromatin 
bridges without fragments may be due to restitution or the fragments getting 
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entangled or attached with normal chromatids of chromosomes (Tarar and 
Dnyansagar, 1980). Bridges seem to be the result of non-separation of chiasma 
due to stickiness. Division of nucleolar material observed in the present 
investigation is in the line of the observations reported by Shaikh and Godward 
(1972) in irradiated populations of vicia ervilia and Lathyrus sativus. Saylor 
and Smith (1966) suggested that the formation of bridges may be due to the 
failure of terminalization of chiasmata in a bivalent and the chromosomes get 
stretched between the poles. According to Sinha and Godward (1972), the 
presence of a bridge with or without fragments both at anaphase I and anaphase 
II may could be due to the paracentric inversions. The origin of bridge may be 
primarily due to fusion between broken chromosomes (Richa and Gopal, 
2004). 
Unequal separation: 
Unequal separation of chromosomes as observed in the present 
investigation may be due to failure of chromosomes to reach at the poles. 
According to Rumar'and Singh (2003) random movement of univalents to any 
one of the poles lead to unequal separation of chromosomes. Movement of 
bivalents towards the poles at anaphase I due to non-disjunction of homologous 
chromosomes at metaphase as-observed in the present investigation may be due 
to the stickiness of chromosomes and could result in unequal distribution of 
chromosomes in the daughter nuclei (Anis and Wani, 1997). It is also reported 
in chickpea (Sharma and Kumar, 2004 and Ganai et al., 2005), fenugreek 
(Abbasi and Anis, 2002; Wani and Anis, 1997 and Srivastava and 
Kapoor,2008). 
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Non-synchronization : 
The non-synchronous movement of chromosomes at M II was also 
observed in both the mutagenic treated species. Minija et al. (1999) reported 
that non-synchronous movement of chromosomes occurred due to severe 
disturbance in spindle mechanism. 
Cytomixis : 
Cytomixis was observed in the present investigation. Cytomixis 
generally refers to the migration of chromatin from one cell to the other 
through cytoplasmic connections. Cytomixis usually leads to abnormal PMCs 
which rarely or never show any viability. The cytological aberrations produced 
at the end of cytomixis are more often non-hereditary and hence are of little 
significance. Cytomixis has been reported in a number of plants like citrus 
(Anis, 1980). If more than two PMCs are simultaneously involved together the 
chromatin matter passed from one to the second, from second to the third and 
so on. Unidirectional flow of chromatin material from one PMC in to the 
another in a series during this phenomenon has been regarded as an essential 
characteristic feature of the phenomenon reported by Gottschalk (1970). 
Abnormalities such as lagging chromosomes and unequal separation of 
chromosomes especially the last one would lead to the production of aneuploid 
gametes. Such plants (aneuploids) are of immense improvement. 
Micronuclei: 
Generally, laggards and non-oriented bivalents may produce 
micronuclei at telophase if they fail to reach the poles in time to be included in 
the main nucleus or irregular chromosome segregation at meiosis I and II could 
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be the result of the non-oriented bivalents formed due to spindle dysfunctioning 
or may be due to the formation univalents at diakinesis or metaphase I, which 
shows an inability to congregate on the equatorial plate resulting in the 
formation of micronuclei and abnormal pollen grains (Kodurra, 1981). 
Bhattacharjee (1953) suggested that irregular distribution of acentric fragments 
or laggards may also result in the formation of micronuclei at telophase II, 
resulting in variation in size of pollen grains from pollen mother cells. 
Micronuclei are true mutagenic aspects, which may lead to a loss of genetic 
material and have been regarded as an indication of the mutagenecity of their 
inducers (Ruan et al, 1992). The formation of micronuclei may be due to 
adhesion of fragments or due to lagging chromosomes (Anis et al, 1999). 
Micronuclei formation has also been reported by Chand et al. (1991), Kumar 
and Kumar (2000), Ganai et al. (2005) and Abbasi and Anis (2002). 
Multinucleate condition: 
Multinucleate condition has been explained to a particular genotypic 
change suppressing the organizing capacity of nucleolar chromosome and 
induce the formation of adventitious nucleoli. Raina et al. (1994) reported that 
multipolar condition is mainly due to spindle disfimction. Such conditions 
resulted in the unequal distribution of chromatin material in the gametes. Most 
of these gametes were deficient which either do not take part in fertilization or 
they produce aneuploids. 
Disturbed polarity: 
Disturbed polarity at anaphase and telophase stages could be due to 
spindle disturbance. Disturbed polarity was also reported by Ganai et al. (2005) 
in chickpea, Bhat et al. (2006a,b) in Vicia faba L., Kumar and Rai (2007) in 
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maize, Abbasi and Anis (2002), Wani and Anis (1997) and Srivastava and 
Kapoor (2008) in fenugreek. 
Comparative mutagenecity of MMS and SA treatments in two species 
viz. Trigonella foenum-graecum L. and Trigonella corniculata L. reflects the 
differences in their genome architecture. Thus, it can be inferred that 
mutagenecity is ultimately determined by genomic structure itself Khamankar 
(1984) working with Lycopersicon esculentum reported that the rate of 
mutagenecity was different with different mutagens at certain loci. Some of the 
gene loci affected by one mutagen were not necessarily affected by the other. 
In the present study the frequency of aberrations was greater in MMS 
treatments than the SA treatment. It isxonciuded that MMS is able to induce 
sufficient amount of meiotic aberrations. Among different stages of meiosis, 
the frequency of meiotic aberrations was maximum at metaphase stage as 
compared to anaphase and telophase stages in the present study. Similar 
observations were reported byxBhate/ a/. .(2006a,b) in Viciafaba L. Abbasi and 
Anis (2002) in Trigonella foenum-graecum L. 
Morphological vaFiations: 
The present investigation proved fruitfiil in inducing a range of 
morphological variations^by" mutagenesis. Although most of them proved 
uneconomical. But, some variations recorded in the present study may be used 
as a source of many beneficial genes in cross breeding programmes or for the 
improvement of many components of yield. In the present investigation, the 
morphological variations affecting different parts of the plant, were isolated by 
carefiil screening of Mi population. These variants included changes in plant 
height (tally dwarf),-growth habit (bushy) leaf colour (chlorophyll variants), pod 
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size (long pods), yield parameters (increased number of branches and pods per 
plant). 
The frequency of these morphological variations differed among 
different mutagenic treatments and also between the two species, thereby 
suggesting that the species responded differently to the doses and the type of 
mutagens used. These results are contradictory with earlier reports of 
Kharakwal (1998a) in chickpea, Khan (1999) in blackgram, Wani and Anis 
(2008) in Cicer arietinum. 
Some induced variants in the present study showed desirable economic 
characters from the breeder point of view and hold promise for isolation of 
improved types from theirprogeniesiinthe later generations. The more frequent 
induction or certain variation types by a particular mutagen may be attributed 
to the fact that the genes, controlling these characters might be more responsive 
to either alkylating agents or ionizing radiations. This could be due to 
differential mode of action, of^ mutagens on*different base sequences in various 
genes (Solanki and Sharma, 1999). A wide range of morphological mutations 
have been reported in different crop plants such as pigeonpea (Rao and Reddy, 
1984), mugbean (Singh et al., 1999), Vigna mungo (Raisinghani and Mehna, 
1994) and Cicer arietinum (Wani and Anis, 2008). 
Difference in the frequency of morphological variants, not only in the 
different mutagenio-treatments, but also in the two species, may be due to 
genotypic differences of the two species. Differences in the frequency of 
various morphological mutations ^  have been reported in lentil (Solanki and 
Sharma, 1999) and (Wani and Anis, 2008) in Cicer arietinum. 
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The tall, dwarf and bushy variants as noticed in the present investigation 
have also been reported by Solanki and Sharma (2003) in lentil and Singh et al. 
(2004) in urd bean following mutagenic treatments. 
The most striking variations in the present investigation were alteration 
in seed size. The bold seeded variants as observed in the present observations 
have also been reported by Singh et al. (2004) in urd bean which showed 
significant increase in pod length and 1000-seed weight as compared to the 
controls. Bold seeded variants obtained in the present study and one of much 
economic value may be tested for its behaviour in the next generations and the 
promising lines may be selecte4tfrom'yield point of view. Similar type variant 
have also been reported by Wani.and Anis (2008) in Cicer arietinum. 
Pods variants showing long pods were also obtained in the present 
investigation by different mutagenic treatments in both the species. Such 
mutants have also been reportedJjy.Gautam.and Mittal (1998). The long pod 
variants had significant increase in number of seeds per pod and seed size and 
consequently the lOOOrseed weight over their respective controls in both the 
species. 
In the present investigation a considerable frequency of variants were 
also induced in both the species of following mutagenic treatments. These 
variants exhibited increase in number of branches per plant and increase in 
number of pods per plant, thereby increasing the yield per plant. High yielding 
variants were also recorded in lentil (Gaikwad and Kothekar, 2003) and in 
winged bean (Kulthe and Kothekar, 2006). 
In addition to above mentioned variants a small frequency of 
chlorophyll variants (Tigrina and Maculata) was also induced in the present 
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investigation in some treatments (0.05% SA and 0.04% MMS) in desi and 
kasuri methi respectively. Induction of chlorophyll mutations after mutagenic 
treatments has also been reported earlier in fenugreek (Parveen et al., 2006), in 
urd bean (Sharma et al., 2006) and in Lathyrus sativns (Waghmare and Mehra, 
2001). 
Quantitative traits : 
The useful variations are pre-requisite for crop improvement 
programme. Therefore, the first step in any breeding programme would be the 
search for such variations. Mutagenesis has provided a handy tool to enhance 
the natural mutational rate and thereby, enlarging the genetic variability and 
increasing the scope for obtaining the desired selections. The practical utility of 
induced mutations for polygenic'traits is well established, since most of the 
economic characters in crop species are quantitatively inherited. Particularly 
induction of micromutations in polygenic system, controlling the quantitative 
characters are important for crop improvement. It has been already reported by 
several workers in various crops, specially in self pollinated crops (Chaturvedi 
and Singh, 1980; Sharma, 1986). In the recent years the role of mutation 
breeding in increasing the variability for quantitative characters has been 
proved beyond doubt (Mehetre et al., 1990; Srivastava and Singh, 1993; Ticco 
and Chandra, 1999). 
The mutagenic effect of various doses/concentrations of MMS and SA 
was studiedon days, to flowering, days to maturity, plant height (cm), number 
of branch per plant, number of pods per plant, number of seeds per pod, 
average length of pod (cm), 1000-seed weight (g) and total yield per plant (g). 
Assessment of mean, range and coefficient of variation (C.V. %) in control and 
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treated population indicated that mutagenic treatments had induced wider 
magnitude of variability in Mi generation for all the quantitative characters. 
The mutagenic effect of different concentrations of all the mutagens used in the 
experiment was clearly seen leading to both increase and decrease in the mean 
values of various quantitative traits. The positive shift of mean values was 
more pronounced at the lower doses of treatments, whereas, negative shift was 
observed at higher doses except for mean values of days to flowering and days 
to maturity where reverse was true. 
In the mutagen treated populations the pooled mean values for different 
quantitative traits remained rmostly-unchanged or caused very little change 
because of shift in both.the directions despite significant increase in variance 
indicated that the mean values of these quantitative traits at different 
doses/concentrations were not by and large altered at greater extent in both the 
species. Shift in mean valuesfmrhothipositive and negative directions after 
mutagenic treatments has.been.reported by earlier workers also (Mehetre et ai, 
1990; Waghmore and. Mehra, 2000; Singh et ai, 2000b). Reduction in the 
mean values of above quantitative traits and also delayed flowering and 
maturity times were common feattires of mutagenic treatments found at higher 
doses. Similar results have also been reported earlier by various workers (Anis 
et al., 1999; Anis and Wani, 1997; Abbasi and Anis, 2002; Kumar and Dubey, 
1994). 
In the present investigation ..the mean days to flowering and days to 
maturity had decreased at the lower concentrations and increased significantly 
at the higher..concentrations of the mutagens. Reduction in flowering and 
maturity time after mutagenic treatments have also been reported in urd bean 
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(Singh et al., 2000b). Variation in flowering and maturity period is generally 
considered to have parallel relation, however, antiparallel relation has also been 
reported (Porsche, 1963). 
Plant height decreased considerably in the treated populations. Similar 
findings in this respect have been reported by Banu et al. (2004), Ramesh and 
Reddi (2002). Reduction in the plant height may be due to the chromosomal 
damage and/or inhibition of cell division (Sparrow et al., 1961) whereas, Tarar 
and Dnyansagar (1980) demonstrated that growth depression might be due to 
inhibition of auxin synthesis. Therefore, reduction in plant height might have 
occurred due to inhibitory effect of mutagens on growth regulating substances 
responsible for cell division and cell elongation. 
In the present investigation quantitative characters like mean number of 
branches per plant, number of pods per plant, mean length of pod (cm), 1000-
seed weight (g) and total yield per plant (g) showed significant increase in the 
mean values at the lower concentrations of the mutagens, while higher 
concentrations showed inhibitory effect. In the present investigation increase in 
mean number of branches per plant had positive correlation with the increase in 
number of pods per plant. In the same way the mean length of pod had positive 
correlation with the 1000-seed weight and consequently the pods per plant and 
1000-seed weight had positive correlation with the total yield per plant. 
These traits play an important role in boosting the yield of a plant to a 
considerable extent. Relation of yield with other quantitative characters has 
also been studied earlier by (Khan et al., 1999). The possible cause of increased 
values of these yield contributing traits in the present study may be due to some 
useful gene mutations. 
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In brief, the present findings have revealed that lower and moderate 
concentrations of chemical mutagens proved to be efficient in increasing the 
genetic variability for yield oriented selection in fenugreek and the isolated 
variants possessed desirable characters associated with higher yield, may be 
evaluated in future generations for promising performance. Thus the genetic 
variability induced by mutagenesis may be effectively exploited for the 
improvement of fenugreek. 
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^ummam and L^oncu 1 ludion 
SUMMARY AND CONCLUSIONS 
The present investigation was carried out to study the mutagenic 
effects of two chemical mutagens i.e. methyl methane sulphonate and sodium 
azide in two species of fenugreek viz. Trigonella foenum-graecum L. (desi 
methi) and Trigonella corniculata L. (kasuri methi). 
The main objective of the study was to enhance the genetic variability 
for quantitative traits. Various aspects of the study were : 
1. Biological damage in M| generation. 
2. To calculate the frequency of chromosomal aberrations at different stages 
ofmeiosis. 
3. To induce variability in morphological traits. 
The significant findings are summarized below : 
1. The seed germination showed decreasing trend with the increase in 
concentrations of both the mutagens. 
2. The inhibition ranged'frotil-8^51%^38.29% and 10.86% - 41.30% m MMS 
and 4.25% - 34.04%.and 4.34% - 36.95% in SA in both Desi and Kasuri 
methi respectively and showed increase with the increase in the 
concentration of mutagens. 
3. The plant survival ranged from 93.02% - 76.47% and 92.68% - 74.07% 
(MMS), while 95.55% - 82.85% and 93.18% - 77.41% (SA) in Desi and 
Kasuri methi respectively. 
4. The pollen fertility ranged from 89.49% - 67.37% and 87.68% - 64.54% 
(MMS), while 90.65% - 68.28% and 88.97% - 68.32% (SA) in both Desi 
and Kasuri methi respectively. 
5. The control showed no chromosomal aberrations while in treated 
populations, aberration were recorded. Chromosomal aberration showed 
dose dependent increase in both species in both mutagenic treatments. 
6. The type of chromosomal aberrations induced by MMS and SA 
treatments were univalents, multivalents, stickiness, precocious separation 
of bivalents, stray bivalents, disturbed metaphase and fragments at 
metaphase I/II. The induced chromosomal aberrations at anaphase I/II 
were bridge with or without fragments, laggards, disturbed anaphase, 
unequal separation and non synchronization. The induced chromosomal 
aberrations at telophase I/II were disturbed polarity, micronuclei and 
multinucleate condition. 
7. The highest.concentration i.e. 0.05% in each mutagen showed the highest 
percentage of chromosomal aberrations. 
8. In general the frequency of chromosomal aberrations was more at 
metaphase stages followed by anaphase and telophase stages. 
9. Studies on various quantitative parameters revealed the general 
effectiveness of higher treatments and stimulatory effect of lower and 
intermediate treatments in Mj generation. 
10. The coefficient of variation was high among the treated populations as 
compared to controls, in both the species in Mi generation. 
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11. The lower and intermediate doses showed earliness for days to flowering 
and days to maturity and higher doses showed delayed flowering and 
maturity. 
12. The plant height showed both positive and negative shift; in mean usually 
lower and intermediate doses showed positive shift in mean while the 
higher concentrations showed negative shift in mean. 
13. The number of branches per plant showed both positive and negative shift 
in mean. Usually lower and intermediate concentrations showed positive 
shift in mean while the higher concentration showed negative shift in 
mean. 
14. The number of pods per plant, number of seeds per pod, mean length of 
pod (cm), 1000-seed weight (g), total yield per plant (g), number of 
clusters per plant and number of pods per cluster also showed both 
positive and negative shift in mean usually were lower and intermediate 
doses showed positive, shiftrin mean values while the higher concentration 
showed negative shift in mean. 
15. Various types of morphological variants with altered characters i.e., plant 
height, growth habit (bushy and dwarf), pod size and yield parameters 
were isolated in Mi >. generation of both the species. Moreover, the 
frequency of morphological variants was more in T. foenum graecum L. 
than T. corniculata L. 
It is concluded that the genotype of fenugreek a medicinal plant can be 
improved by using lower-and Intermediate doses of chemical mutagens, as it is 
quite clear from the result of present investigation that lower and intermediate 
doses showedeffective shift in the mean in desired direction. 
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